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ABSTRACT 
 
As renewable energy becomes more prevalent across the United States and the 
world, solar energy investment has also grown.  There have been many studies done on 
photovoltaic (PV) systems in terms of energy payback and efficiency, but little research 
done to understand a PV system as a financial investment specific to South Carolina.  
This study aims to understand the return on investment that a PV system can achieve.   
More specifically whether PV systems in areas of South Carolina that uses Duke Energy 
achieve a favorable return on investment and what affects the profitability.  This study 
uses the PVwatts calculator provided by NREL as well as an investment simulation to 
calculate the Internal Rate of Return (IRR) and Net Present Value on 1024 simulated 
5kW PV arrays and evaluates their profitability.  It then uses this information to apply it 
to real case studies for houses in South Carolina.  This study found that shade has a 
significant impact on profitability of investment.  At 30% shading, profitability drops 
near 0% IRR or below.  Orientation impacts profitability significantly as well.  Panels 
that are facing south, southeast, and southwest yielded the best return.  While north, 
northeast and northwest orientations yielded very low or negative IRR.  East and west 
facing panels can yield positive financial return, but this return is lower than panels 
orientated to the south.  PV systems oriented towards the east or west must have optimal 
conditions to remain efficient.  This study found that tilt had minimal impact on 
financially return.  Incentives also significantly impacted profitability of investment.  For 
a PV system to be profitable, federal, state, and Duke Energy incentives needed to be 
applied to the investment.  When homes with PV systems are sold also has a great impact 
	 iii	
on profitability.  Research has shown that there is a housing premium for homes with PV 
systems (Adomatis, 2015).  This premium is highest when first installed and declines as 
the PV systems age.  People also associate premiums with houses with PV systems even 
if the system is not adding much value to the home.  This study has also found that the 
price of the PV system impacts investment.  Premium grade panels had significantly less 
return compared to standard grade panels because prices per watt were higher. 
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CHAPTER ONE 
 
INTRODUCTION 
 
Solar energy has become a popular source of green energy recently.  This is due 
to decreasing costs of installing a photovoltaic (PV) system, and increased efficiency of 
solar panels.  With this, people and governments are becoming more environmentally 
conscious.  People are becoming more interested in green energy to help protect the 
environment, and governments are allowing for tax incentives to encourage this behavior.  
With the growing popularity of solar energy, there has been little research done to 
understand solar energy as investment in South Carolina.  There is little known if buying 
into solar will allow homeowners to achieve a return on investment (IRR) after tax 
incentives, rebate, and energy generation.  This research aims to understand if an 
investment in a PV system will yield a return, and what factors affect the amount of 
return.  This research aims to understand the Internal Rate of Return (IRR) and Net 
Present Value (NPV) of a solar investment. 
Solar technology has been in existence for over 100 years.  The technology was 
not used consistently until the space program of the 1960’s and 1970’s began to power 
spacecraft and satellites with solar energy.  Since then the technology has improved, and 
residential and commercial buildings have used the technology.  In the last two decades, 
the solar technology has become significantly more efficient.  With federal, state, and 
utility company incentives, residential solar panels have become more popular and 
reasonably priced.  There are a few different types of panels.  Silicon based panels are the 
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most popular and most efficient panels.  Silicon panels are created by charging pieces of 
silicon that are sandwiched together to create an electric field.  As photons from the sun’s 
rays hit the panel, it loosens electrons in the field and current is created.  Mono-silicon 
and poly-silicon panels are two silicon panels that are generally used. Mono-silicon 
panels are more efficient than poly-silicon panels and they have slightly different 
manufacturing processes. Thin-film panels are another type of solar panel.  They are 
made when layers of photovoltaic material are distributed on a substrate.  There are many 
variations depending on the photovoltaic material.  They are generally much cheaper to 
manufacture but much less efficient.  Since they are not efficient they are not suited for 
residential homes.  Built in photovoltaics is another option, with PV shingles becoming 
more popular.  They are more aesthetically appealing but also have not been efficient in 
the past.  Recent studies have found them to be more efficient and there is promise in this 
field (Energyinformative, 2016).  Technology has made solar panels more efficient.  
Technology such as micro inverters and power optimizers allow panel systems to remain 
efficient or somewhat efficient when non-ideal conditions such as shade.  Recently 
researchers have found that adding solar panels to your house adds a $3.11/watt (average 
for United States outside of California) premium to your house (Adomatis, 2015).  
Adding a PV system allows for homeowners to sell their house for a higher price 
(premium) because of the value it adds generating electricity but also because people 
have a positive attitude towards green energy. 
A solar panel simulation was used to model a PV arrays electrical production.  
The simulator used was the PVwatts calculator on the NREL website 
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(pvwatts.nrel.gov/pvwatts.php).  This website that provides quality information on solar 
panel energy.   The website gives estimates of how much electrical energy solar panels 
can produce at different conditions.   
The information from the energy simulation will be inputted into a spreadsheet.  
The spreadsheet records the amount of energy a 5KW solar panel system produces with 
different factors.  These factors will be changed for the two different types of panels 
(Standard silicon crystalline, and premium silicon crystalline).   Each of the panels have 
different prices as well.   For each type of panel 8 different shading percentages will be 
changed to determine how it affects the energy output.  Also there are eight different roof 
pitch and angles that will be changed.  This is done to determine how much energy is 
produced at different roof pitches.  Then there are eight orientations that will be changed 
in the simulation to see how orientation affects the energy output.  All of these 
simulations reflect different categories that affect energy output.  Energy output affects 
the financial feasibility of solar panel investment.  This energy output will then be used to 
determine the amount of savings that the residential homeowner will achieve in different 
situations.  Using the savings generated, the cost of the solar panel and installation, and 
the incentives, financial information is generated.  The cost of installation is $/watt 
multiplied by the wattage (5000 watts) of the solar panel system.  The prices are 
determined from industry standards for the different types of panels.   This spreadsheet 
also includes benefits and incentives to determine financial information.  There is a 
federal incentive, state incentive, and a utility rebate. Using these incentives, cost of the 
system, and savings financial data is then calculated.  The Internal Rate of Return is 
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determined from the cost of the system, incentives, and savings.  This is used because it 
takes into account the number of years with different savings more accurately.  
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CHAPTER TWO 
 
LITERATURE REVIEW 
 
 
History of Solar Energy 
Solar Energy is a growing alternative to the use of fossil fuels.  While it may seem 
like the technology is new because of this popularity, the technology for solar panels 
dates back hundreds of years. The first big discovery occurred in 1876 when William 
Grylls Adams discovered selenium that produced electricity when sunlight came in 
contact with it (US DOE, 2016).  While this material proved to be inefficient, it started 
the conversation for solar energy.  In 1892, the first water heater powered by the sun’s 
energy was created.  Throughout the late 1890’s and early 1900’s, many elements and 
materials were found to be photosensitive including copper selenide, cuprous oxide, and 
cadmium sulfide (US DOE, 2016).  Albert Einstein wrote and published a paper on the 
photoelectric effect in 1905 (US DOE, 2016).  Einstein proposed that energy from the sun 
was not transferred to electrons unless the photons had a high enough frequency or 
energy.  He found that the sun’s rays contain photons of different frequencies of energy.  
Robert Milliken later confirmed this research in 1914 and both of these scientists would 
go on to win Nobel prizes for their research.  In 1908 William J. Bailey invented the first 
solar collector, which used heat from sun to heat up water or air.  In 1918, Jan 
Czochralski developed a way to create single-crystal silicon, which later became the basis 
for silicon-based panels that are still used today.  Calvin fuller, Gerald Pearson, and Daryl 
Chaplin discovered the silicon solar cell in 1952 using this single-crystal silicon.  It was 
efficient enough to power electrical devices on a small scale, originally only having an 
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efficiency of 4%.  This panel would later achieve 11% efficiency, and has been the basis 
solar panels that are used today.  This began a new era for solar energy and the 
application of solar energy.  In 1956, solar panels became available to the public for 
commercial use for toys and other small devices.  Also during this time, the first building 
implemented a solar water heating and passive design.  Popularity for solar energy 
increased as NASA began to use solar panels in the 1950’s and 1960’s as photovoltaic 
cells were starting to achieve higher efficiency rates of 8-10%.  In 1958 the Vanguard I 
space satellite used an array of solar panels to power its radio.  NASA still uses solar 
energy to power its spacecraft to this day.  In the 1970’s the first solar farm was built in 
Arizona, and in the 1980’s thin film solar panels were first used.  Exxon began to use 
them on their offshore oilrigs.  Between the 1970’s and 1990’s they began show up on 
roadsides and used to power houses.  Over the years, the efficiency of solar panels has 
increased and the price for this technology has decreased (Shahan, 2014).  Different types 
of solar panels have been created, and existing technology has become more efficient 
than ever.  Governments and countries have launched research and pushed the public to 
use solar panels.  Today there have been many incentives and tax breaks created for 
homeowners and businesses that use solar panels.  Today we see solar powered cars, 
homes, satellites, and many other devices. 
 
How Solar Panels Work 
Understanding how solar panels work is important for future research and how 
they can be a quality investment Solar panel.  An array of solar panels is a group of solar 
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panels that are linked together and used to convert sunlight to electricity. Each panel is 
made up of many photovoltaic cells that are linked together.  Each cell is made up of two-
pieces of silicon, backers, and protective glass.  The backer allows the silicon to connect 
to the protective glass.  This glass can be coated with an anti-reflective material to absorb 
more sunlight. The two pieces of silicon in the solar cell create an electric field that is 
uses the energy from photons that make up rays of sunlight.  Silicon is used because it is 
a semi-conducting material, meaning that this material can have its electron properties 
changed in a controlled manner.  Essentially, you can change the charge of silicon or any 
other semi-conductor by exposing it to other elements.  Each photovoltaic cell is made up 
of two pieces of silicon that has had its electronic properties changed.  One piece of 
silicon is doped (charged) with phosphorous to add electrons, giving the silicon a 
negative charge.   Doping occurs when is silicon is coated with phosphorus and heated 
high temperatures. This is called n-type of silicon because it has a negative charge and 
has excess electrons.  The other piece of silicon is doped with boron.  This allows the 
silicon to have lower amounts of electrons and even a positive charge creating electron 
holes.  These are holes are looking for excess electrons to fill the hole and create an 
equilibrium for silicon atom.  This piece is called a p-type of silicon because it is positive 
and needs electrons.   These two pieces of silicon are then sandwiched together creating 
an electric field.   There is a buildup of the electron holes of positive silicon atoms against 
the negatively charged silicon electrons looking for electrons to fill its electron hole.   
This is illustrated in Figure 2.1, which shows how a solar panel produces electricity.    
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Figure 2.1 How Solar Works (Dynamic Solar Tech) 
 
And the excess electrons of the negative silicon will build up against the positive 
silicon piece looking to fill electron holes creating an electric field.   Photons, which are 
particles that make up sunlight then hits the solar cell transferring energy to the electrons 
in the electric field.  This creates an excited electron that travels to the negatively charged 
side of silicon and an electron hole that travels to the positive side of silicon.  A 
conductor then picks up these excited electrons creating an electric current.  This is 
transferred to an inverter, which extracts the energy from the electrons, and the electron is 
returned to the electric field.   Different electrons need photons of different energy to 
absorb energy.  This means that only photons of a certain energy or higher are absorbed 
by a photovoltaic cell to knock electrons loose.  To maximize the amount of energy a 
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solar panel can create, different cells within the panel should be tuned for photons of 
different energy.  The sun emits rays of light with photons that have different energy 
levels.  Einstein studied this in his Nobel Prize winning photoelectric research.  By 
allowing a panel to be tuned for different levels of energy from photons, the solar cells 
and panels can extract more energy from the sun.   This allows the panel to capture a 
broader spectrum of the light (Knier, 2008).   
 
Different Types of Solar Panels 
There are many different types of solar panels.  Silicon based solar panels are by 
far the most popular around the world.  Studies show that “almost 90% of the world’s 
photovoltaics today are based on some variation of silicon”(Energyinformative, 2016).  
The most widely used type of silicon solar panels is mono-crystalline silicon solar cells.  
Mono-silicon panels are the most efficient solar panels on the market currently, with 
efficiency around 15-20% (Energyinformative, 2016).    Research is being done currently 
to increase this efficiency over 20%. One square meter of “ crystalline solar cells will 
generate around 190W”(Tindosolar, 2016).  They are also very space efficient, requiring 
less space than other types of solar panels because they are more energy efficient.  They 
also have longer life spans, generally around 25 years (Energy Informative, 2016).  While 
warranties usually are not longer than 25 years, these panels can still generate electricity 
even after the 25-year warranty is terminated.  Mono-crystalline panels are also the most 
expensive solar panel to purchase because of their efficiency, life span, and 
manufacturing process.  Even though Mono-silicon panels are the most efficient, 
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processes to create these panels creates more waste and uses more embodied energy 
when making this type of solar panel.  To make a mono crystalline panel a 
“Monocrystalline rod is created by slowly pulling a mono-crytalline silicon seed crystal 
out of melted polycrystalline silicon” (Tindosolar, 2016).  The rods are then slowly 
pulled out of the heated silicon, solidifying and creating a cylinder ingot and then cut on 
four sides to make silicon wafers (Energy Informative, 2016).  This allows for more 
efficiency and better performance silicon in silicon based panels.  Polycrystalline silicon 
solar panels are also popular solar panel used.  Polycrystalline solar panels have only 
recently become a popular and are created similarly to mono-crystalline panels.  It is 
created by melting raw silicon using a square mold and a crystal seed is then dipped into 
the melted silicon creates.   Instead of pulling the crystal seed out and solidifying the 
silicon, the silicon is allowed to cool in the square mold.  It is then cut into perfectly 
square wafers and gives these solar panels cells a square look.  The process to make 
polycrystalline silicon is simpler and more cost efficient than mono-silicon panels.  It 
creates less waste and embodied energy when being manufactured.  This panel is less 
efficient than mono silicon panels, but has become more efficient in recent years.  The 
current rates are only slightly lower than mono-silicon panels.  This panel does have 
lower heat tolerance than mono-silicon panels meaning the mono-silicon panel is more 
efficient than poly silicon panel when temperatures rise.  This panel generally has an 
efficiency of 13-16% (Energy Informative, 2016).  It also does need a larger array and 
takes a greater area of the roof.  Thin-film solar panels are another type of solar panels.  
This panel is created when one or several layers of photovoltaic material are cast on a 
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substrate.  There are many different types of thin-film solar cells.  The different types are 
known from the different photovoltaic material that is deposited onto the substrate.  
Generally, the efficiency of these panels is between 7-13%.  These panels are very easy 
to produce and more cost efficient to manufacture on a large scale.  The solar panels are 
flexible which could lead to new solar applications in the future (Energy Informative, 
2016).  Scientists are looking for new ways to incorporate these solar cells in new ways.  
Higher temperatures and shading have less of an impact on the efficiency of thin film 
solar panels.  While thin film panels are cheap and easy to produce, to power a residential 
house would require a great deal of thin-film solar panels.  The panels are not efficient 
enough to power a residential house unless many panels using a great deal of land.  
Generally, people do not have enough land to power their homes with thin film panels.  
These panels have shorter life spans and degrade more rapidly than crystalline panels 
(Energy Informative, 2016).  The different types of thin film solar panels are amorphous 
silicon, cadmium telluride, copper indium gallium selenide, and organic photovoltaic 
cells.   These are the types of photovoltaic material that is distributed on substrates.  
Amorphous silicon is a material that is relatively inefficient, but when it is “stacked” it 
can become efficient (Energy Informative, 2016).  Stacked means that there are many 
layers of photovoltaic material stacked on each other.  Currently efficiency rates for this 
solar panel are 6-9%, but scientists are optimistic that they can increase the efficiency in 
the future.  It requires around 1% of the silicon that crystalline-silicon panel’s use, which 
makes them more cost efficient to produce.  Different substrates that can be used include:  
glass, steel, and plastic.  Amorphous silicon thin film panels perform more effectively in 
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shaded conditions relative to silicon based panels.  While there is promise with this type 
of panel, they are still inefficient.  Cadmium Telluride solar panels are another type thin 
film solar panel.  It is created when layers of cadmium Telluride is distributed onto a 
substrate.  It is a panel that is more cost efficient than silicon based solar panels, but the 
energy efficiency of this panel is 9-11%.  Copper Indium Gallium Selenide solar panels 
are another type of thin-film solar panel.  This panel has a great deal of potential and is in 
the early stages of testing and research having an efficiency of 10-12%.  It has the highest 
efficiency of the thin-film solar panels, and is also flexible.  Currently it is the costliest of 
the thin film panels to manufacture, but in the future there is hope to make this process 
more efficient.  Like other thin film panels, it is more efficient under higher temperatures 
than silicon panels and is also affected less by shade.  The last type of panel is a building 
integrated photovoltaic.  This has different subtypes and different applications.  Both 
crystalline-based and thin-film solar cells can be used in building integrated photovoltaic.  
It can be integrated into facades, roofs, windows, walls, and other aspects of buildings.  
This is a great way of integrating the rest of a building with photovoltaic, but is also a 
very expensive option.  One popular integrated system is solar shingles.  These are 
shingles that are installed on your roof and convert sunlight into electricity just like solar 
panels.  These shingles tend to be smaller, lightweight, and flexible compared to solar 
panels.  They are also very easy to install taking around 10 hours to install (Pure energies, 
2016).  Shingles can be silicon based or thin film based.  Solar shingles are installed very 
similarly to a regular asphalt shingle, and can be more aesthetically pleasing to some 
people compared to solar panels.  Solar shingles are not as efficient as solar panels, but in 
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recent years solar shingle technology has made them more efficient.  Because of this, 
more people are starting to adopt solar shingle. 
 
Solar Panel Technology and Innovation 
Over the years there have been a few technology innovations that make solar 
energy more efficient.  One of these innovations is an inverter, which is technology that 
enables houses and devices to use the energy that solar panels create.  Solar panels 
generate direct current (DC), but residential houses use alternating current (AC).  
Inverters convert direct current generated by solar panels to alternating current.  Direct 
current is electricity that has a current that flows in one direction. 
 
 
 
 
 
 
 
 
 
Figure 2.2 DC Voltage (Hymel, 2016) 
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Alternating current is electric current that changes direction (alternates) many times per 
second.  Most devices, homes, and other products run using this form of energy.   While 
there are a few different wavelengths that alternating current can have, a sine wave is the 
most common.  An inverter takes this direct current and using a capacitor, converts DC to 
AC sine waves.  A capacitor is essentially a battery that charges with two conductive 
materials.  Usually metal, one conductor has a positive charge and the other has a 
negative charge.  Energy is stored in the capacitor then discharged at varying currents 
creating a sine wave or alternating currents.   
 
 
 
 
 
 
 
 
Figure 2.3 Alternating Current (Hymel, 2016) 
 
When an inverter converts DC to AC there is a loss of energy, but recent technology has 
allowed inverters to become more efficient.  Most inverters are string inverters or central 
inverters, meaning there is one central inverter that converts an array or string of solar 
panel DC to AC.  After the electricity is converted to AC, it is then used to power the 
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house.  Any electricity that the house does not use immediately is sent to a meter located 
at the house and sent back to the grid.  This is illustrated in figure 2.4.  Houses are either 
equipped with one meter that can run backwards or two meters if there is a net metering 
policy for residents (First Energy, 2016).   
 
 
 
 
 
 
 
Figure 2.4:  Grid based Solar (Malheur, 2013) 
 
 Another type of inverter and innovation for solar energy is a micro inverter.  This is an 
inverter connect to every individual solar panel in an array.  Micro-inverters allow 
conversion of single panels energy into alternating current that is then used by the house 
or sent to the grid.  This allows for more efficiency when weather and other factors are 
not optimum.  Shade can significantly impact the efficiency of a system of solar panels 
and inverters can lessen this impact.  When a portion of the system is shaded, the entire 
string of solar panels become less efficient.  Small amounts of shading can significantly 
impact the efficiency of the entire system.  Micro inverters separate the power produced 
by each panel by converting energy at individual panel level.  This allows other panels to 
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remain efficient when one panel is shaded or not performing well.  According to Energy 
Informative, micro inverters “…enable every solar panel to perform at their maximum 
potential. In other words, one solar panel alone cannot drag down the performance of 
entire solar array, as opposed to central inverters that optimize for the weakest 
link”(Energy Informative, 2016).  Installations of panels with micro inverters are also 
simpler to install.  They have shown that they can reduce the installation costs by 15% 
(Energy Informative, 2016).  Micro inverters can be attached to the panel, while central 
inverters are separate from the solar panels themselves.  Other inverter technology that 
has become popular is power optimizers. Optimizers are connected to individual solar 
panels just like a micro inverter, but a power optimizer does not convert DC to AC.  It 
conditions the direct current before it is sent to a central inverter, which converts DC to 
AC.  An optimizer helps communicate the power of each solar panel is generating to the 
central inverter.  It does this using a Maximum Power Point Tracking.  This is when the 
optimizer checks the power output of the solar panels, checking the voltage needed, then 
decides how to utilize the energy from the panels to best power the residential house.  
This allows for more energy to be used by a panel system even when one panel is shaded 
or not performing optimally.  They are not as expensive as micro inverters, and have 
become a popular option for consumers.  While not quite as efficient as micro inverters, it 
is still a very efficient device that can positively impact a solar panel system.   
 
Net Metering 
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Other technology associated with solar panel is bi-directional metering.  Every 
house has at least one meter.   Usually these meters are bi-directional, meaning they track 
the amount of electricity that a house uses but also measures the amount of electricity that 
flows from your solar panels to the gird. The meter simply subtracts or turns back the 
energy usage when electricity flows from your panels to the grid.  Sometimes houses will 
have two meters if they do not have a bi-directional meter to account for the inflows and 
outflows of electricity.  Bi-directional meters allow for a billing policy that utility 
companies use called net metering.  This uses two meters or a bi-directional meter to 
keep track of their net energy used and bills them accordingly.   Net Metering 
“…measures how much energy comes from your electric company versus the renewable 
generator’s electricity production” (Washco, 2016).   This measures the amount of energy 
produced or sent to the grid compared to the energy the house consumes.  If an owner 
consumes more energy than it produces (Net energy), usually houses are billed for the 
difference.  If the owner puts more energy back on the grid than he or she consumes, the 
owner will have an electric bill with a balance of zero.  Some utility companies will even 
give them company credits or pay them for the electricity if they do have excess at the 
end of the month.  This depends on state policies and policies that local utility companies 
put in place.   When solar panels generate electricity that flows through the meter, most 
of the energy actually never goes back to the grid.  After flowing back through the meter, 
the electricity will actually be used by neighbors or adjacent energy consumers.  In 
actuality only 20-40% of energy that flows from the panels back through the meter 
actually makes it back to the grid (SEIA, 2016).   The grid is a grouping of power lines 
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that the utility companies use to supply houses with electricity.  The utility companies 
will gather any electricity that solar panels at these stations so they can power other 
homes.  In the upstate of South Carolina, houses only pay for the net energy consumed 
(Net Metering).  Meaning they only pay the amount of energy used that was not produced 
by their panels.  Many states don’t use this same pricing system as South Carolina and 
may pay owners for electricity they have generated at a wholesale price.   These states 
buy back power from residents at a wholesale price, but then charge the resident for their 
energy they consume at full price.  While this may be a type of net metering, they do not 
receive as much benefit as they would if they were using energy from Duke Energy 
(South Carolina).  Duke Energy buys back energy at retail price (Duke, 2016).  Every 
state has different policies regarding net metering.  Currently, North Carolina and 
Arizona have utility companies buying energy at rates lower than retail, and Georgia has 
predetermined rates for the energy they buy back. (Dsireusa, 2016).   
 
 
 
 
 
 
 
 
Figure 2.5 Net Metering Policies (Desirous, 2016) 
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Currently, there are 44 states that have Net Metering policies in place, with South 
Carolina becoming the 44th state (NCSL, 2016).   Most states do allow for credits for 
excess generation of energy and some states allow for excess generation to be carried 
over indefinitely such as Alaska.  Some states credit excess generation at retail rates like 
California, Pennsylvania, Washington DC, Maine, Maryland, and Utah.  In California, 
customers can choose whether to have indefinite roll over or receive a payment for 
credits at a wholesale rate (NCSL, 2016).  North Carolina currently has a net metering 
policy that buys back energy at a wholesale price while selling its energy at retail prices.  
Many states have programs and policies that are specific to their state, for example 
Georgia, Hawaii, Mississippi, and Nevada have statewide distribution programs.  Georgia 
has a policy where customers with net metering are credited at pre-determined rate 
depending on the utility company.  Hawaii allows for consumers to have a choice 
between a grid supply option and a self-supply option.  The grid supply option allows 
users to put energy back on the grid at a rate reduced from the retail rate.  The self-
storage option allows consumers to put small amounts of energy on the grid, but also 
allows them to store energy on site to be used later.  Aggregate net metering is one policy 
that states are starting to adopt and is shaping PV systems.  This allows for a property 
owner with multiple meters on a property to have net metering.  This is popular with 
university campuses and farm properties.  The following states have started using this:  
Arkansas, California, Colorado, Connecticut, Delaware, Maine, Maryland, Minnesota, 
Nevada, New Jersey, New York, Oregon, Rhode Island, Utah, Washington and West 
Virginia (NCSL, 2016).  Virtual metering is another policy that allows for a property 
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owner with multiple meters to distributive net metering credits to different individual 
accounts (NCSL, 2016).  This is done with multifamily properties or condominium 
owners.  The following states have implemented this:  California, Connecticut, New 
Hampshire, Pennsylvania and West Virginia (NCSL, 2016).   Community Net Metering 
is yet another policy that allows for “multiple users to purchase shares in a single net 
metered system, either located on site or off site” (NCSL, 2016).  This occurs when 
condominium owners buy shares solar panel array.  The following states and Washington 
DC has implemented this:  California, Colorado, Delaware, Illinois, Massachusetts, 
Maine, Minnesota, New York, Rhode Island, Vermont and Washington (NCSL, 2016).   
Also Arizona, Florida, Georgia, Indiana, and North Carolina have all started to draft 
policies to allow for third party ownership of solar planes (NCcleantech, 2016).  Third 
party ownership is implemented through solar leases.  These work very similarly to leases 
of other equipment.  Essentially, an owner pays a company to install a solar panel system 
on their house.  Instead of paying a large upfront cost, the house owner pays a monthly 
lease fee for the solar panels.  They get to enjoy the electricity that is generated from the 
panels and enjoy lower energy bills.  Hopefully, “In an ideal situation, his combination of 
a monthly lease payment and a lower monthly utility bill will be less than the utility bills 
the homeowner had been paying prior to installing the system.” (Citeseerx, 2016).  At the 
end of the agreement, the homeowner can purchase the system or continue leasing the 
system.  These are just some of the policies that are being implemented.  Currently, 
Oregon, California, Nevada, Utah, Arizona, New Mexico, Texas, Louisiana, Missouri, 
Illinois, Minnesota, Michigan, South Carolina, Maryland, New York, Vermont, New 
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Hampshire, Massachusetts, Connecticut, and Rhode Island offer either a solar lease or 
PPA agreement.  Many states have started to reform policies and metering rates are one 
of the top topics (NCcleantech, 2016).  Solar panels are a rapidly growing energy source, 
and many states are passing different policies dealing with solar panels.   
 
Duke Energy & Rebate 
Duke Energy is a utility company that provides power to the Upstate of South 
Carolina as well North Carolina and other states.  More specifically it operates in the 
following South Carolina counties:  Abbeville, Chesterfield, Fairfield, Greenwood, 
Laurens, Newberry, Spartanburg, York, Anderson, Clarendon, Florence, Horry, Lee, 
Oconee, Sumter, Cherokee, Darlington, Georgetown,  
 
Figure 2.6 Counties Using Duke Energy (Duke, 2016) 
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Kershaw, Marion, Pickens, Union, Chester, Dillon, Greenville, Lancaster, Marlboro, 
Richland, Williamsburg.  It has offered a rebate for residents who utilize solar panels and 
solar energy that use Duke Energy.  Duke Energy’s Distributed Energy Resource 
Program (DER) designed this program hoping to “…grow the company’s renewable 
footprint in the state (South Carolina) from less than 2 megawatts today to at least 110 
megawatts and potentially 170 megawatts by 2021.” (Duke Energy, 2016).  This program 
encourages customers and residents to install solar panels and invest in solar energy.  In 
July of 2015, the Public Service Commission of South Carolina approved the company 
rebate.  This rebate gives owners a $1/watt (direct current) rebate for any residential 
owner who installs up to 20 KW (alternating Current) and for business owners who 
install systems up to 1 Megawatt (alternating current).  This means that there is a limit 
depending on the capacity of the solar panel.  For example a 5KW system (5000 watts) 
can earn a rebate up to $5,000.  The company also incorporated a net metering incentive 
as well.  The company implemented a net metering 1:1 retail credit for excess energy 
from solar installations up until 2026.  This means that owners pay for the difference 
between the energy they consume and the energy they generate.  This is a rebate that is 
being offered only for customers of Duke Energy.  This is a decision to encourage green 
energy and solar investment in South Carolina.   
 
Tax Incentives 
The Duke Energy rebate and other incentives are important because it can 
influence PV system sales.  Financial incentives influences profitability of PV investment 
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and can influence PV investment.  Currently the federal government offers a 30% tax 
incentive.  Meaning that someone who buys a PV system will get a tax incentive equal to 
30% of the dollar cost of that system.  The state of South Carolina also has an incentive.  
This is equivalent to 25% of dollar cost of the PV system.  The state incentive is different 
from federal incentive because consumers can only access $3,500 a year of the tax 
incentive.  Every year, consumers can have a $3500 tax incentive until it totals the 25% 
of the cost of the PV system.  This is carried forward for ten years or until the 25% of the 
cost incentive is reached.  The article titled Motivations and Behaviors of Solar PV and 
Geothermal System Owners in North Carolina discusses the financial drivers for 
consumers of the PV system (Hee, 2013).  It found that the financial incentives, whether 
it’s federal, state, or local is extremely important to consumers.  As the price of solar 
panels has decreased in the last few years, the popularity of solar energy has increased 
dramatically (Shahan, 2014).  Solar panel efficiency combined with price reductions in 
PV system has made solar energy more feasible and popular choice for green energy.  
According to the study, the most important factors for homeowners considering solar 
panels are: Federal and State tax credits, concern about the cost of electricity, concern 
about environmental impacts, and desire to the right thing.   This indicates that financial 
incentives and the cost of electricity are very important to consumers.  The Duke Energy 
incentive, along with the federal and state incentive will be important for solar energy 
investment in South Carolina.  This indicates that financial feasibility through incentives, 
rebates, and falling PV prices are driving people to invest in solar energy.  This indicates 
that future incentives and financial factors in South Carolina will be extremely important 
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for consumers to invest in solar energy.  82% of people and 78.5% indicated that the 
Federal and state incentives are very important respectively (Hee, 2013).  This study also 
showed that North Carolina and South Carolina use more energy than any other state in 
the southern Atlantic states.  The two states currently consume .389 Million BTU per 
year (EIA, 2016).  Further proving that affordable solar investment can greatly impact the 
energy used in South Carolina.  This will aid in future study, which is aimed to determine 
at what point do incentives, interest rates, and other financial factors are no longer 
beneficial for profitable PV investment.  Overall, incentives for solar panels are a driving 
force in the market.  Another study was done that asked owners of PV systems to rank 
what was most important to them.  They were asked to rate it on a scale of 1-5, five being 
the highest.  The number one response was contributing to a healthier environment with 
an average score of 4.22 (Jager, 2016).  Financial incentives were also very important to 
consumers with an average score of 4.21.  The third most important aspect to purchasing 
a PV system was the increased value of their homes (Jager, 2016).  This study shows that 
overall driving force for consumers was making a positive impact on the environment.  
But almost as important were financial incentives given to the consumers.  Proving that 
financial aspects of solar panels again, are a major driving force for consumers.  
Incentives have a significant impact on the pay back time, and the financial return that 
consumers receive from solar panels.   Researching whether solar panels will become a 
quality investment can relay important information to homeowners.  Homeowners value 
financial incentives heavily when they consider buying a PV system.   Knowing how 
different shade, orientation, and tilt conditions will help consumers gauge whether they 
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should invest in solar energy.  They can also understand how different incentives offered 
will affect their financial investment in solar panels.  Having this information can affect 
solar investment in the state of South Carolina.   
While tax incentives are very important for buyers when considering solar panels, 
buyers will not be able to reap 100% of their benefits if they do not have enough income.   
A lower income creates lower tax burdens, which can affect tax incentives.  When 
applying your 30% federal tax incentive, you can only offset what you owe to the 
government.  This would mean that if you have a lower income and do not owe the 
government any taxes, you would not receive any of the 30% of the federal tax incentive.  
If you owe the government $4,000 in taxes and you have federal solar tax incentive of 
$6,000, then you would only be eligible for $4,000 of that incentive.  The federal tax 
incentive is a one-time tax incentive, so if you do not file with enough taxable income, 
you could not receive the full benefit of the tax incentive.  South Carolina also has a state 
tax incentive for PV homeowners.  Again, you can only offset what you owe the state of 
South Carolina, like the federal taxes.  So if you have a low income, you may not receive 
the full state tax incentive.  South Carolina also only allows for a tax credit of $3,500 or 
50% of the tax liability per year that can be carried forward for 10 years.  So if you have 
a low tax liability that is lower than $3,500 you will not receive the full tax incentive.  
These tax laws allow for homeowners with enough income and tax liability to receive the 
full benefit of the federal and state tax incentives.  This significantly impacts the ability 
for lower income families to invest in solar energy.  Tax incentives and financial benefits 
are one of the drivers for solar investment, and if homeowners cannot receive this benefit 
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they might not invest in solar energy.  Research mentioned previously shows that tax 
incentives and financial benefit encourage homeowners invest in solar energy, but not 
much research has been done to understand how these tax laws affect lower income 
families.  This is an area of research that could be researched further in the future.   
 
Solar Loans 
There are a few federal loan programs that are offered for solar energy.  One loan 
is through Fannie Mae (Federal National Mortgage Association). They offer an unsecured 
loan that can be offered up to 10 years.  Typically they have a limit of $15,000.  They 
offer loans to “eligible borrowers (natural person), certain utility customers, and 
purchasers of off-grid systems” (NREL, 2016).  Freddie Mac also offers loans.  They 
offer it to normal eligible borrowers (natural persons).  They offer mortgages up to 
$240,000 for 15,20, and 30-year terms.  Freddie Mac is a secondary mortgage lender.  
Meaning that they buy from lenders and sell securities to investors.  Another loan option 
is through the US department of agriculture.  This is available to rural development 
borrowers and rural utility service utilities.  They offer loans that usually average around 
$300,000.  The term usually lasts 10 years at conventional mortgage rates (NREL, 2016).  
Another Federal loan option is through the Department of Energy.  They offer these loans 
to contractors.  This includes Federal agencies, utilities, energy service companies, and 
state governments.  They offer these loans at varying amounts with varying interest rates.  
There is a term limit of 25 years.  They offer these loans as Energy Savings Performance 
Contracts (ESPC’s) (NREL, 2016).  These are “congressionally approved mechanism(s) 
	 27	
for funding improvements using private-sector funds rather than appropriations” (NREL, 
2016).  The Federal government encourages that companies use this so they can invest in 
solar energy and benefit from savings. The Department of Energy offers these ESPC’s to 
these organizations.  Another organization that offers loans is the US department of 
Housing and Urban Development (NREL, 2016).  They offer loans to anyone that 
qualifies for FHA, EEM, or Title 1 loans.  They offer these loans at varying prices with 
terms of 15 or 30 years.  These are secured loans where they offer the house as collateral.  
Veterans Affairs also offers loans as well.  They offer solar loans to veterans and service 
persons.  Typically up to $203,000 at fixed interest rates.  The terms are for 15 or 30 
years.  These are secured loans with collateral of the first mortgage to 100% loan-to-
value plus costs.  A veteran may refinance to upgrade their homes with energy efficient 
measures.  These are just a few Federal loan options available to residents and to 
organizations and governments.  Residents would normally obtain an FH-Title 1 loan.  
This uses the house as collateral and is guaranteed by the federal government.  These 
have the lowest interest rates.  They may also obtain a Home Equity loan as well.  These 
are secured with the house used as collateral.  Interest rates are generally 3.5-5.5% and 
the terms can last 7-20years (Energysage, 2016).  They may also obtain unsecured loans 
that are similar to personal loans.  They require no collateral.  Usually the interest rates 
are higher than secured interest rates since they are riskier.   All of these options require 
zero money down.  South Carolina Energy Office does offer some loans.  These loans are 
offered to businesses and organizations.  They offer a ConserFund loan Program that is 
used for energy efficiency improvements for local government organizations.  They offer 
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loans from $25,000 to $500,000.  The loan rate is 2%.  They also offer a ConserFund 
Plus Program.  This is for colleges, universities, and public school districts.  It is similar 
to the ConserFund program.  70% of the loan is given through loans and 30% is given 
through grants (energy.sc.gov, 2016).  South Carolina also offers an Energy Efficiency 
Revolving Program EERL.  This is offered to private business, utilities, and government 
agencies.  This is for long term financing.  Loans are from $50,000 to 1-Million.  The 
interest rates are on a transaction basis and the term limit is 10 years (energy.sc.gov, 
2016). 
 
Conditions That Effect Solar Panel Efficiency 
There are a few different variables that affect the output of energy of solar panels.  
One of the most significant variables is shade.  Shade cast on a solar panel can cause 
energy output to decrease significantly.  This energy decrease therefore has a direct 
impact on the total cost of energy that a household could produce.  If a house is not 
producing as much energy, they will have fewer savings.  Shade should be avoided when 
installing solar panels.  Trees, light posts, clouds, etc. can block the sun’s rays and shade 
the panels.  Meaning that there can be a variety of shapes and degrees of shade depending 
on what is causing the shade.  According to studies done, “The current is proportional to 
the surface area of the cell that was illuminated and the shape of the shadow does not 
appear to matter as much as the area of the shadow” (Sargosis, 2016).  Meaning that 
while there can be many different shapes, energy output really depends the percentage of 
the solar panel that is shaded.  For example, if a tree causes 15% shading, the solar panel 
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would produce the same energy if it were 15% shaded from a neighboring house even if 
the shape is different.  With this in mind, the degree or type of shade does have an impact 
on the amount of energy produced by a panel.  According to a study, there are two types 
of shade:  soft shade and hard shade (Sargosis, 2016).   This study states “Soft shading 
can be described as simply lowering the intensity of the irradiance levels, without causing 
any form of visible separation of shaded and non-shaded regions” (Sargosis, 2016).  An 
example of this would be clouds blocking out some of the sun but not all of the sun.  The 
other type of shading is hard shading, which can be defined as some physical mass 
blocking the sun.  This causes some cells to have any sunlight (Sargosis, 2016).  A light 
post, tree, neighboring house, etc., can cause this.  Soft shade causes the current output of 
a solar panel to drop, causing a current mismatch.  This causes individual current of 
modules to become lower than other modules.  Since modules in a panel that is linked 
together as a services must have the same current, the inverter tracks the lowest current 
and uses that.  This reduces the output of the string of panels to the lowest producing 
panel.  Hard shade causes a voltage mismatch meaning different panels are producing 
different voltages.  Again the inverter will produce only as many volts as the lowest 
efficient panel (Sargosis, 2016).  
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Figure 2.7 Soft and Hard Shade (Sargosis, 2016) 
The overall power, voltage, and current are affected by both soft and hard shade, 
although they affect it in different ways.   These graphs explain how the power is affected 
by different degrees of shade, which can confuse inverters.    
 
 
 
 
 
 
Figure 2.8 PV Curve for Soft and Hard Shade (Sargosis, 2016) 
 
As different levels of power output confuse inverters by different modules, the maximum 
power point decreases.  The maximum power point is the highest level of power 
produced, which is represented, in the above graph.  As panels, and arrays of panels are 
partial shaded, the output is also affected.  Usually not all of the panels will be shaded at 
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one time since that could prevent almost solar panels from producing almost any energy.   
Partial shading is illustrated below:   
 
 
 
 
 
 
 
Figure 2.9:  Partial Shade (Sargosis, 2016) 
 
When partial shading occurs, “… the peaks of the PV curve in the inverter change from 
the shade, the electronics that track the maximum power point can become confused or 
lost, causing the inverter to choose to operate for long periods of time well outside the 
optimal output range” (Sargosis, 2016).  This research reveals that shade does not affect 
the output of energy proportionally.  Meaning that a 15% shaded panel is not 15% less 
efficient.  A small amount of shading of one panel can affect the output of the entire array 
of panels.  According to studies, only one cell of a panel being shaded can cause a 
14.06% decrease in efficiency of energy output (MPPT).  To lessen the impact of 
shading, a MPPT tracker or micro-inverter should be installed.  These help to use energy 
from more efficient panels more and use panels with decreased efficiency less.  This will 
help a PV systems’ performance under shaded conditions.   
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 Environmental payback time analysis of a roof-mounted building-integrated 
Photovoltaic  (BIPV) system in Hong Kong is a study that focuses on how orientation and 
tilt can affect energy output of PV systems.   While shade has a significant impact on 
energy output, orientation and tilt also play an important role in solar panel efficiency. It 
studies how different tilt angles affect the payback of the system as well as different 
orientations affect the output.  This research then takes the energy output and calculates 
the energy payback time based on the embodied energy.  This includes a life cycle 
assessment of solar panels to understand all of the energy needed to extract resources, 
manufacture, install, and transport the PV system.  While this discusses a PV system’s 
energy payback time, this can directly correlate to a financial payback time as well as 
financial benefits from different orientation and tilt.  This study uses a 22 KW mono-
crystalline PV system with no shade.  This study found that Orientation and tilt could 
dramatically affect the efficiency.   The study found that orientations significantly affect 
the efficiency.  
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Figure 2.10 EPBT (Lu, 2010)  
It found that a PV system facing south with a tilted angle of 30 degrees is the most 
efficient orientation and tilt producing 29,154 kW.  Panels facing south at 22.5 degrees 
had an annual energy output of 28,154 KW. Facing south at 0 degrees was slightly less 
efficient producing 21,039 kWh.  Vertical solar panels facing south produced 15,528 
kWh a year.  Vertical Solar panels facing East and West produced 10,961kWh and 
10,277kWh respectively.  This study proves that orientation has a significant impact on 
the efficiency of solar panels and the pay back of these systems.  The south facing panels 
are the most efficient orientations in this study, and south facing PV systems are 
recommended for homeowners.   The south facing panels had an energy payback of 
around 7-9 years depending on the tilt.  The east and west oriented panels have a payback 
from 18-20 years.  Meaning that financially, south facing panels would have smaller 
payback times than panels oriented towards the east, west, or north.  With this being said, 
panels facing east or west do produce significantly more than north facing panels.  This 
also means they would have better financial payback times and financial returns than 
north facing panels.  PV systems oriented north should be avoided if possible.   Other 
studies have also found PV systems facing south produce the most energy.  A study in 
California used the PVwatts simulator and found the following: 
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Figure 2.11 Orientation and Energy Output (Comstock, 2014) 
PV systems tilt angle depend on a variety of different factors.  It depends on the 
orientation, as well as the roof pitch, and other limitations specific to a home.  This same 
study most common tilt angles are 11-30 degrees shown below.   
 
Figure 2.12 Degree and Tilt Statistics (Comstock, 2014) 
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This is most likely due because panels tilted to these degrees generally are more efficient 
than a flat PV system or a systems with higher tilt angles.  These studies have found that 
orientations and tilt angles play a significant role in energy output.  Higher energy output 
allows for owners to have more financial benefits and shorter payback times.  Generally a 
solar panel facing south tilted from 11-30 degrees is the most beneficial for energy output 
and financial gain.   
 
Demand Side Management 
Demand side management is energy programs that encourage people to reduce or 
modify their energy usage.  The United States Energy Information Administration defines 
Demand Side Management as “the planning, implementing, and monitoring activities of 
electric utilities which are designed to encourage consumers to modify their level and 
pattern of electricity usage” (US, 2001).  The main purpose this program is to reduce or 
change the peak hours of energy usage.  This is encouraged through the use of energy 
efficient measures that consumers can take.  This can range from having appliances or 
other devices on timed switches, solar panels, geothermal energy, etc.  Solar panels are 
useful for demand side management because they generate energy that a house can 
consume instead of consuming energy from the grid.  Demand side management has been 
in place since the 1970’s and has evolved over the years as technology and research has 
evolved.  Homeowners have been encouraged to put in place demand side management 
and energy efficient measures over the years from utility companies.  Utility companies 
have been encouraging demand side management through marketing and financial 
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incentives that homeowners can have.  For example, Duke Energy is giving a $1.00/watt 
DC incentive to owners.  Meaning for every 1-Watt dc installed, a homeowner is paid 
$1.00.  If a homeowner installed a 5KW system (5000, watts), they could have a $5000 
incentive.   Utilities do this, even though by encouraging demand side management they 
are encouraging people to not consume energy from the grid.    One reason they do this, 
is because law that they have green and clean energy by the government requires it.  The 
federal government has encouraged states to put in place energy efficient measures.  
Public Benefit Funds in 2004 were used in 18 states, and raised 1 billion annually 
(Lemaire, 2016).   States have adopted policies making energy companies have a certain 
percentage of energy come from renewable resources.  Thirty-two states and the District 
of Columbia have approved these measures.  Different states have different portions of 
energy that must come renewable resources ranging from 2%-25%.  This has encouraged 
states and local government to put in place mandatory requirements of energy efficient 
measures that utility companies need to make. Demand Side Response is where power 
companies encourage consumers to use less energy.   This mandatory requirements and 
pressure from federal, state, and local governments to use energy efficient measures is the 
biggest driver of demand side management.  Another driver of demand side management 
for utility companies is the positive marketing that comes with green energy.  As policy 
and public opinion are more in favor of green energy, implying green practices can 
convey a socially responsible company culture.  This positive marketing could not only 
affect public opinion of the company but also sales as well.  Demand side management 
does have other positive affects for utility companies as well.  As populations grow there 
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is more demand for energy, which can put a strain on fossil fuel and nonrenewable 
energy sources.  To meet this demand, energy companies are venturing to more remote 
areas for energy.  Ventures such as off shore wind parks in places like the Northern Sea 
can be a costly way to generate energy.  It can also be costly, and less efficient to 
transport this energy (IEEE, 2016).  While energy generation may not be as important 
today, there will be a rise in costlier and remote forms of energy generation.  Also as 
demand for energy rises, the capacity of grids to meet this demand is a major concern.  
Limited grid capacity could have more immediate consequences on price and availability 
of energy use than energy generation.  Demand side management can ease this concern.  
By using other energy sources such as solar panels it reduces a person’s need for energy 
from the grid.  This can help energy grids in the future have capacity for future increased 
use.  A study done by Penn State University states, “DSM's main advantage is that it is 
less expensive to intelligently influence a load, than to build a new power plant or install 
some electric storage device”  (IEEE, 2016).  As there is more need for electricity with 
limited grid capacity, demand response is a cheaper option than building new power 
plants and transformers.  Using solar energy allows for energy companies to pay only a 
percentage of the cost to install the PV system, while also generating more electricity for 
their grid.  This is less costly increase in available energy for the grid than building larger 
power plants.   
 
Housing Premiums For PV Systems 
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Until recently, there has been little research regarding premiums on houses with 
PV systems.  This was due to more widespread use and installations of PV systems over 
the years.  Realtor’s did have some information to value a house with PV systems but it 
they may have been valuing houses using skewed data.  A premium is considered a 
valuation of property that is higher to the ordinary price of that property.  Meaning a PV 
housing premium would have houses with PV systems valued higher than houses without 
PV systems.  Researchers have found that there is in fact a housing premium for houses 
with PV systems.  Research, which found this premium, used a total of 3,951 PV homes 
compared to 18,871 non-PV homes in their study (Adomatis, 2015).  The average home 
with a PV system was 2,334 Square feet on .45 acres of land.  The average size of PV 
systems was 3.6 KW and owners generally sold their house on average 2.7 years after a 
PV installation.  The following tables show statistics relevant to PV and Non PV homes.   
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Figure 2.13 PV and Non PV home Statistics (Adomatis, 2015) 
 
Research yielded that there is a premium in California has of $4.21/W, while the rest of 
the United States has a premium of approximately $3.11/W.  California had a “net, gross, 
and PV value estimates of $4.16/W, $6.94/W, and $2.95/W respectively” (Adomatis, 
2015).   Current premiums are also lower than previous premiums.  A study was done for 
California homes in 2009 found a higher premium of $4.51/W for existing homes and 
new homes with PV systems having a premium of $3.58/W (Adomatis, 2015).  While 
there is a difference of almost $1/W, this research may not be statistically different from 
one another.  The older study used a different, more expensive subset of houses, and also 
had a higher cost of installation.  Age also plays an important role PV housing premiums 
as well.  The premium for houses with solar panels is at its highest when they are first 
installed, and decline with age.  The following table details these premiums: 
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Figure 2.14 Age of PV Systems Premium (Adomatis, 2015) 
 
 
 
 
 
 
 
 
Figure 2.15 Age of PV Systems Graph (Adomatis, 2015) 
When houses with PV systems are sold also impacts the premium as well.  The housing 
market was at a low in 2007 and 2008 due to the recession.  Housing premiums also were 
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low during this time as well.  The premiums have recovered and are close to pre-
recession premiums and remain fairly consistent over the years.  The size of the PV 
system also significantly influences the premium that a homeowner receives.  Increasing 
the size of the PV system does add value to a house, but at a decreasing rate.  Research 
has found that PV systems add value when their size is increased until 10KW is reached.  
At this point, the value added to the home flattens out (Adomatis, 2015).  The following 
graph represents theses findings: 
 
Figure 2.16 Size of PV System Premium (Adomatis, 2015) 
 
Looking at this graph “the systems with the highest marginal premiums, in terms of 
dollars per watt, were the smallest systems, and as system size increased the dollar-per-
watt premium decreased” (Adomatis, 2015).  This means that there may be a fixed 
premium for PV systems regardless of size (Adomatis, 2015).  This fixed premium means 
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that buyers are willing pay a premium on houses with PV systems even if these systems 
are small and do not actually add that much value.   Overall, premiums do exist for 
homes with PV systems.  These premiums are affected by a variety of factors including 
size of the system, geographical location, age of the system, housing markets, and other 
factors.  This is extremely important for homeowners who invest in solar energy.  These 
housing premiums can significantly impact the rate of return that homebuyers achieve 
with PV systems.  How this premium affects return which can affect whether 
homeowners in South Carolina invest in solar energy and to what extent.  
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CHAPTER 3 
METHODOLOGY 
 
 
Explorative Qualitative 
 
The Literature review of solar panels was done prior to the methodology of this 
research.  It included how solar panels work, accessories, the history of solar panels, the 
different types of panels, rebates and incentives, efficiency loss factors, how specific 
factors affect energy production, and other areas related to solar panels.  Research helped 
determined many aspects of the methodology so the simulation produced accurate data.  
The research was done to aid the methodology which uses an online simulation and an 
excel file to determine results.  The results of the simulation illustrate whether solar 
panels can produce enough energy to be a profitable investment.  Also what affects the 
efficiency, how financial incentives and other conditions affect profitability of 
investment.  The simulation uses PVwatts provided by NREL, and determines the energy 
output of solar panels.  PVwatts is an energy calculator for residential houses.  It takes 
into account weather/location, efficiency and loss factors, and solar panel characteristics 
to determine a yearly energy output.  The efficiently/loss factors and solar panel 
characteristics are changed and how these factors affect energy production is recorded.  
Using this output, an excel file is created.  As energy output changes, it is recorded in the 
spreadsheet.  The spreadsheet includes the cost of the panel system, federal, state, and 
utility incentives as well. Using this data, important financial information is created.  The 
internal rate of return and Net Present value is calculated using the data from the 
simulation.  This financial information is very important as it helps the residents of the 
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upstate of South Carolina determine if solar investment will be profitable.  This study is 
unique as it takes into account not only federal and state incentives, but also the incentive 
from the utility company.  This information created will be very applicable to South 
Carolina residents that use Duke Energy It also takes many factors that other energy 
calculators do not.  These include loss factors, orientation, and tilt.  This helps create an 
accurate representation of the investment in solar panels.  
 
Research Design 
To gather data and information, a solar panel simulation was used.  The simulator 
used was the PVwatts calculator on the NREL (National Renewable Energy Laboratory) 
website (pvwatts.nrel.gov/pvwatts.php).  This is a website that provides information on 
solar panel energy.   The website gives estimates of how much energy solar panels can 
produce at different conditions.  NREL is an organization that “… Advances the science 
and engineering of energy efficiency, sustainable transportation, and renewable power 
technologies and provides the knowledge to integrate and optimize energy systems” 
(NREL 2016).  It focuses on sustainable transportation, energy productivity, renewable 
electricity, and systems integration.  The organization has been conducting studies for 40 
years, and has been recognized as a leader in renewable energy research.  NREL's 
employees have also been recognized by scientific communities with awards and honors 
for their research.  NREL created the PVwatts program.  PVwatts is a calculator that 
estimates energy production of PV systems.  This program was created to help 
homeowners calculate energy performance for potential PV installations (NREL 2016).  
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The PVwatts calculator uses over 30 years of solar irradiance data to calculate 
performance.  With this and NREL’s knowledge of solar energy, the PV watts calculator 
was chosen for the simulation portions of this study.  The PVwatts calculator is also 
simple to use and understand, simplifying the simulation process for this study. 
 
PV Watts:  Resource Data 
The first step of the calculator is to locate resource data.  Determining the location 
that you plan to install the solar panels does this.  The purpose of this study is to 
understand at what interest rates does a solar panel investment no longer become a viable 
option.  This is also done to see how different conditions affect this investment.  Because 
of this, Greenville, SC was chosen as our location.  The calculator will be using weather 
data from the City of Greenville.   
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Figure 3.1 Weather Data For Greenville (PVwatts, 2016) 
 
The latitude is 34.850, the longitude is -82.350 and the elevation is 319.  The calculator 
uses the resource data of the location to help create accurate conditions that the solar 
panel would encounter.  The location provides solar radiation incident information.  This 
includes the Plane-Of-Array (POA), which is the amount of sunlight that reaches the 
array of solar panels.  It also determines the temperatures the panel would encounter.   As 
temperature increases, the efficiency decreases.  The calculator also uses the latitude, 
longitude and elevation to determine the typical meteorological year (TMY) that the 
panel would encounter.  A typical year uses a year’s worth of hourly data to represent 
radiation and weather data.  The TMY3 data chosen for this study had historical weather 
data collected from 1991-2005.  
PV Watts:  System Information 
The next step is to determine solar panel system information, which is illustrated 
in Figure 3.2.  There is a great deal of system information that can be changed for the 
simulation.  The first is the DC system size.  This is the size of the solar panels measured 
in DC (direct current), which is standard in the industry.  The size of the array actually is 
the amount of energy the solar panel can produce in DC.  So a 5kWh solar panel array 
can produce 5 KW sustained for one-hour DC given ideal conditions.  This means the 
system has potential to produce 5000 Watts for an hour.  The size chosen for this study is 
a 5KW system.  This is also relatively common among homeowners.  According to the 
SC guide to solar panels, owners should devote 75-100ft of their roof to solar panels for 
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optimum energy output (South Carolina, 2016).  With a 1KW panel average around 
17.5ft, a 5KW system is an appropriate system for this study (Bright Star, 2016).  The 
DC-AC ratio is 1.1.  This means that the DC size of the array is 1.1 times the size of the 
AC (alternating current) and panel size. This is included, because when the solar panel 
converts to alternating current, it loses some efficiently.  So a 5KW DC system is 
equivalent to a 4.54 KW AC system.  The next piece of information is the type of solar 
panel.  There are three types of panels, all of which have different efficiency and energy 
production.  The following screenshots were taken from the PVwatts website provided by 
NREL. 
Figure 3.2 System Information PV Watts (PVwatts, 2016) 
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Figure 3.3 System Information (PVwatts, 2016) 
 
 
 
Table 3.1:  Types of Solar Panels 
 
Each panel has different efficiency rates that it produces electricity.  For this 
study, only premium and standard silicon panels were used. It also includes different 
covers. This helps the simulation determine how much light is reflected from the panel, 
which affects efficiency.  The temperature coefficient is also determined as temperatures 
affect different panels’ efficiency to varying degrees.  The next option available is the 
array type.  This determines whether the solar panels are fixed to the roof, or if the panels 
move to account for the angle of the sun.  Panels can possibly rotate on two axes to 
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account for the sun.  It is assumed in this study that the panels are a fixed array. The next 
option is the system loss category.  There are a few different factors that affect efficiency.  
The first system loss category is the soiling category.  This is the loss of efficiency due to 
dirt or dust or any other particle on the solar panel.  In more populous areas, where 
pollution is higher, and there is more traffic, soiling losses are higher.  For this study, the 
soiling loss is left at 2%.  This is default for the system, and is a good percentage for our 
study.  This is an adequate percentage because soiling in suburban areas would be smaller 
than other areas with higher traffic.  Rain does also help keep soiling from affecting the 
panel.  Next system loss category is shading.  Shading can have a significant impact on 
the efficiency of the panel.  For this study, there are different shading values that are 
used.  There will be five different percentages of shading used for this study that are 
determined by shading 1-8 in the simulation spreadsheet that accompanies this 
simulation.  Snow is another system loss factor.  Since South Carolina gets minimal snow 
the loss percentage is left at 0%.  The mismatch is another system loss category that is 
caused by manufacturing imperfections.  This causes the modules to have slightly 
different current-voltage characteristics.  This loss factor is left at the default of 2%.  This 
is done because technology has advanced in recent years, and the imperfections caused 
by imperfections are likely to be minimal.  Wiring is also a system loss category.   This is 
a loss caused by wiring of the DC and AC wires, inverters and other parts of the system. 
This is left at 2% since again since technology of solar panels have become more 
efficient.  Resistive losses in electrical connectors in the solar panel system also accounts 
for some loss.  This is also left at the default of 0.5% since it is usually a minimal loss.  
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Light induced degradation is a reduction of the panel array’s power during the first few 
months of use.  Again, the loss is minimal and is set at 1.5%.  Nameplate rating is a loss 
that involves the accuracy of the manufacturer’s rating.  The panel on a residential house 
might not be as efficient as the panel was in test conditions.  Since test conditions have 
become accurate, the loss percentage is left at 1%.  The age of the system also affects the 
efficiency. Table 3.2 below illustrates the losses that solar panels suffer from aging. 
 
Table 3.2:  Loss of Efficiency From Aging 
 
 
The last system loss category is the availability factor.  This is caused by power outages, 
gird outages, powering down the system, etc.  This is a rare occurrence so the default is 
left at 3% loss.  After loss categories there are a few other options where information can 
be inputted into the module.  The next piece of information that can be changed is the tilt 
of the solar panel.  This is based on the roof pitch.  Figure 3.3 Demonstrates the roof 
pitches and the corresponding angle.  
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Table 3.3:  Roof Pitch and Angle 
 
All of the angels are used in our simulation to determine how much different angles it 
affects energy.  Azimuth is another input into the simulation.  Azimuth is the orientation 
of the solar panel.  Table 3.4 lists the orientations and degrees associated with the 
azimuth used in this study. 
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Table 3.4:  Orientation Angle 
 
There are a few advanced parameters used as well that is inputted into PVwatts.  
Advanced parameters are additional conditions that a homeowner can manipulate so 
PVwatts can have a more accurate representation of their PV system.  DC to AC size 
ratio that was mentioned earlier, as well as inverter efficiency and ground to coverage 
ratio.  Inverter efficiency is how efficiently does the solar panel convert its DC current to 
AC current.  It is set at 94% with research showing that generally inverters suffer a 5% 
loss of efficiency (Solar Choice, 2016).  Ground coverage ratio is the ratio of the area of 
the panels to the area of the roof.  This affects the efficiency as well as shading.  This 
option is only available for one-axis systems.  In the simulation you also input different 
economic factors.  This includes what type of system (residential or commercial), the 
average cost of electricity, and the initial cost of the panel $/Watt.  The average cost of 
electricity is $0.11, and varying solar panel costs will be used in this study (Duke, 2016).  
The costs will associate different types of panels and use of inverters, optimizers, and 
micro inverters.  In the simulation you can also choose certain incentives such as federal, 
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state, and utility incentives.  After inputting all of the information in the simulation, the 
simulation calculates the results.  This calculates the solar radiation, the AC energy 
produced, and the amount of savings for every month.  It calculates the yearly savings, 
energy, and solar radiation as well.  This information generated is used by the simulation 
spreadsheet in this research.  
 
 
Figure 3.4 Results PV Watts (PVwatts, 2016) 
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Figure 3.5 Results continued PV Watts (PVwatts, 2016) 
 
Spreadsheet Simulation 
 
The information from the energy simulation will be inputted into a spreadsheet.  
The spreadsheet records the amount of energy a 5kWh solar panel system produces with 
different factors.  These factors will be changed for the three different types of panels 
(Standard silicon crystalline, and premium silicon crystalline).   Each of the panels has 
different prices as well.   For each type of panel eight different shading percentages will 
be changed to determine how it affects the energy output.  Also there are eight different 
tilts angels that will be changed.  This is done to determine how much energy is produced 
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at different roof pitches.  Then there are eight orientations that will be changed in the 
simulation to see how orientation affects the energy output.  With eight different shading 
categories, 8 different tilt options, and 8 orientations, there will be a total of 512 different 
simulations per panel type.  With these panel types, there will be 1024 total simulations.  
This is done because different panel types have different efficiencies.  All of these 
simulations reflect different categories that affect energy output.  Energy output affects 
the financial feasibility of solar panel investment.  This energy output will then be used to 
determine the amount of savings that the residential homeowner will achieve in different 
situations.  Using the savings generated, the cost of the solar panel and installation, and 
the incentives, financial information is generated.  The cost of installation is $/watt 
multiplied by the wattage (5000 watts) of the solar panel system.  The prices are 
determined from industry standards for the different types of panels.  The price of $4.70 
for premium panels and $3.75 for medium grade panels are taken from local contractor 
pricing (Feldman 2015), (Fu 2016).  These prices are similar to NREL findings for 
national averages that have been adjusted for the state of South Carolina.  The federal 
incentive is a one-time incentive of 35% of the total cost of the solar panel and 
installation.  The state incentive is an incentive that can be carried forward up to 10 years 
if possible.  It is 25% of the cost of the system and installation, but there is a yearly limit 
of $3,500 tax deduction.   To calculate the yearly deduction the 25% is multiplied by the 
cost panel system.  This is the total deduction.  Every year $3,500 is taken out of the total 
deduction, to be used as a tax incentive.  This lasts until the incentive reaches zero or for 
as long as 10 years.  The Duke Energy incentive is a onetime rebate of $1/watt dc 
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produced by the system with a limit of the total wattage sustained for one hour.  This 
means for a 5KW system, there is a $1/watt dc incentive with a limit of $5,000.  Using 
these incentives, cost of the system, and savings financial data is then calculated.  The 
Internal rate of Return is determined from the cost of the system, incentives, and savings 
compared to the outflows.  The outflows included increased insurance costs and 
increased taxes from the purchase of a PV system.  This is used because it takes into 
account the number of years with different savings more accurately.   The figure below 
demonstrates the IRR equation. 
Figure 3.6 IRR Calculation (Grayson, 2016) 
The IRR of a PV system demonstrates profitability.  It is also a great to determine what 
interest rates of solar loans are appropriate for residential owners.  Any owner that takes 
out a solar loan will look to the IRR to determine whether solar investment is a profitable 
investment.  If the loan interest rate is below the IRR, then the investment in solar panels 
is profitable.  If the interest rate is above the IRR, then the investment is not profitable.   
The NPV is also calculated from this information.  The NPV is the present value of the 
cash inflow minus the present value of the cash outflows.  It is illustrated below: 
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NPV = ∑ {Net Period Cash Flow/(1+R)^T} - Initial Investment 
Where R is the rate of return and T is the number of time periods. 
Figure 3.7 NPV Calculation 
It is a great demonstration of profitability as well used in conjunction with the IRR.  The 
IRR is where the NPV is 0.  If the NPV is positive using other loan rates, then the 
investment is profitable.  If the NPV is negative, then it is not profitable.  It should be 
positive if interest rates of the solar loan are lower than the IRR, and it should be negative 
if they are above the IRR.  The solar loan rate used in the simulation to calculate NPV is 
4.5%.  This was used in the simulation because solar loan rates are similar home equity 
loans.  While home equity loans can have varying rates, 4.5% was chosen as an average 
rate so the simulation could reflect real PV scenarios with solar loans.  These are two 
great ratios that determine profitability of the investment in solar.  The IRR and NPV are 
calculated for every five years for twenty years.  Twenty years is about the average life of 
a solar panel.  The simulation only produces energy information for one year.  So a 
depreciation of efficiency has to be determined for the life of the panel.  Again all of the 
energy and financial information is done 512 times for two different types of panels.   
 
Data Collection 
Data was primarily collected using the NREL simulation described above.  There were 
1024 different scenarios were conducted.  The different scenarios reflected different 
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orientations, tilt, types of panels, and loss factors.  The data was recorded in an excel 
spreadsheet and used determine financial information.  
 
Data Analysis 
The financial information created from the data collection analyzes the investment in 
solar panels.  The IRR and NPV for every different scenario are calculated using the 
information from the simulation.  The combination of these two ratios helps determine 
whether the investment in solar energy will be a profitable investment.  It also helps 
calculate the return that a resident would expect in their current scenario. The IRR also 
helps determine at what rates should residents procure loans.  If interest rates are higher 
than the IRR, then the loan is not a sound financial decision and will not generate profits.  
If the rates are below the IRR, then the loan is a sound financial decision and will 
generate profits.   These ratios will help analyze the data, and analyze specific situations 
that solar panels are no longer a sound investment in the upstate of South Carolina.   
 
Financial Calculator 
Another part of this project will be to use the simulation created through PVwatts and 
excel to create an online calculator.  This calculator will allow the user to input 
information and limitation, where excel will use to select the scenario’s energy and 
financial information.  It will select the NPV and IRR of the scenario that the user 
created.  The calculator will then populate tables and graphs using this information.  It 
will include IRR and NPV information with all incentives applied, only federal and state 
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tax incentives applied, only federal tax incentives applied, only state tax applied, only 
Duke Rebate applied, and no incentives applied.  This will allow the user to view the 
results with the correct incentives for his PV system.  It will also allow the user to 
understand how different incentives would affect his PV system profitability. 
 
Limitations 
While this study encompasses many different scenarios with many different 
characteristics, it may not accurately reflect all residential scenarios in the upstate of 
South Carolina.  Some residential areas in the upstate my have varying weather, shading, 
roof pitches, and orientations that do not align with a particular scenario in the 
simulation.  In these cases, the information and findings may not as applicable to all 
residents.  Another limitation of this study is that it is based on roof mounted PV systems 
only.  It does not apply to ground mounted PV systems.  Another assumption of this 
study is that there will be a premium for PV systems even if the system installed is not 
beneficial.  For PV systems installed in very shady conditions, the simulation will show 
profitability of investment if the homeowner decided to sell their home soon after having 
solar panel installed on their house.  It shows a profitable investment even if over the 
lifetime, the PV system will not add any or much value to the home through energy 
generation.  This assumption is a limitation because it assumes that a person will pay a 
premium for a home with a PV system even if it is not beneficial.   
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CHAPTER 4 
 
RESULTS 
 
Overall Performance-Premium PV 
The simulation using PVwatts calculator determined the amount of energy a 5KW 
system would produce under different conditions.  Using this data, profitability was 
determined for scenarios under different types of panels, incentives, and non-optimum 
conditions.  The results of these simulations give insight not only into efficiency but if 
solar panels are a sound investment.  The IRR and NPV were calculated using projected 
energy production, incentives, and cash outflows.  If a homeowner has all of the tax 
incentives and rebates applied to his PV system purchase, he/she would have a high 
return.  Tax incentives allow for cash inflows for a homeowner, which allow for higher 
returns.  Assuming that a homeowner owns the PV system over it’s lifetime and utilizes 
these incentives, the overall IRR and NPV can demonstrate if solar investment is a sound 
investment.  Results from the simulation under these conditions provided important 
information for a Premium PV system: 
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Figure 4.1 IRR Distribution for Premium PV System 
 
The figure above shows all possible scenarios for premium grade PV system, which is 
important in illustrating how profitable these types of PV systems are.  Looking at Figure 
4.1, only a small amount of scenarios are a positive investment.  Approximately 13% of 
the simulation provided an IRR above 0%.  And a majority of the profitable scenarios 
have a positive IRR, have a return that is 3% or lower.  In fact only 24 scenarios had an 
IRR above 3%.  This is a low internal rate of return for the investment of solar panels.  
The positive scenarios would probably struggle to become profitable because of this low 
IRR since most consumers will probably take out a solar loan.  Any IRR below the loan 
rate will cause the homeowner to pay more in loan interest than it would receive 
financially from his/her PV system.  The default loan rate for this simulation is 4.5% and 
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the NPV was calculated based on this rate.  All scenarios were calculated using a 4.5% 
loan rate.  
 
Figure 4.2 Distribution of NPV for All Premium Solar Panels Scenarios With All 
Incentives Over 20 Year Lifetime 
 
Figure 4.2 above shows that of the scenarios would cause a homeowner to lose money 
with PV system purchased with a solar loan with an interest rate of 4.5%.  This 
demonstrates the amount of money that a homeowner would lose if he were to invest in 
solar with interest rates at 4.5%.  Interest rates for solar loans would need to be lower 
than 3% for a Premium PV system to be profitable under different conditions.  For 
0	
10	
20	
30	
40	
50	
60	
Fr
eq
ue
nc
y	
NPV	$	
NPV	Distribution	For	Premium	PV	System	With	All	Incentives	
in	Use	Over	20	Year	Lifetime		
	 63	
premium panels, there were scenarios with positive IRR’s, but no scenarios with positive 
NPV.  This is because the loan interest rate is higher than the rate of return.  Since the 
highest IRR is a little above 3%, a homeowner would lose money to pay for solar loan 
with an interest rate of 4.5%.  If a scenario has an IRR that is below the solar loan rate, 
then the homeowner will pay more in interest than they would receive in return.  This is 
important to understand, as rates of return will need to exceed the 4.5% interest rate for a 
PV system to be profitable.   
 
Overall performance-Standard PV 
The simulation used two different types of solar panels when calculating the energy and 
return under different conditions.  This section will discuss how standard panels 
performed and have achieved better results than the premium panels.  The standard grade 
PV system had an IRR twice as large as the premium panels due largely because of the 
cost of the panel is significantly less.  Around 30% of the scenarios had an IRR above 
0%.  The standard PV systems also achieved IRR’s above the interest rates of solar loans, 
with some scenarios achieving above 7% IRR.  Around 56 of 1022 total scenarios had a 
5% IRR or higher, meaning that they were profitable scenarios. 
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Figure 4.3 IRR Distribution of All Standard PV Scenarios After 20-Year Life Time With 
All Incentives 
 
Figure 4.4 NPV Distribution of All Standard PV Scenarios After 20-Year Life Time With 
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Even though there were profitable scenarios, the distribution of NPV provides that there 
were only a few of scenarios that were profitable.  The standard PV systems had 
significantly higher IRR and NPV than the premium panels.  This is primarily due to the 
price of standard panels.  The price is almost a dollar cheaper per watt, but the panels still 
produce on average only 3% less energy.  This lowers initial costs significantly but also 
produces energy to become a profitable investment.  Even though there was a significant 
amount of standard panels that performed better compared to the premium panels, there 
were not many panels that had a profitable compared to the amount of scenarios that was 
not profitable. Most of the time, standard and premium panels did not provide a quality 
investment for homeowners.  Only under a few different scenarios were there profits for 
homeowners.   This demonstrates that only under certain conditions is solar investment a 
quality investment for homeowners. 
 
Scenarios With no Benefit 
What is not illustrated in the distribution graphs above, are the scenarios that 
provided no benefit at all.   The premium PV system had 191 scenarios that provide an 
IRR of -100%, while the standard panels had 180 scenarios with -100%.  This means that 
there is no benefit or return for the homeowner to purchase a PV system.  Meaning that 
for premium panels, 37% of the scenarios provide zero benefit or return for homeowners, 
while 35% of the standard panels provided zero benefit for homeowners.  The only 
benefit is the tax incentives and rebates for homeowners who purchase a PV system.  The 
cost of a PV system is costly even with these tax incentives.  There is a negative IRR of -
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100% associated with this as well as a negative NPV.  The amount of scenarios with no 
benefit to consumers can be due to different conditions, which includes shade, 
orientation, and tilt.  The effects of these conditions on solar panels are discussed later in 
this chapter.  Under conditions and incentives, Solar panels general had between 180-215 
scenarios that had an IRR of -100%.   
 
Effect of Shade on Investment  
Shade has a significant impact on efficiency of solar panels.  Even the smallest 
amount of shade can cause serious efficiency issues.   The simulation done through 
PVwatts backs up these claims and as increased shading decreases the efficiency of the 
PV system, the profitability of solar investment decreases.  The most efficient scenarios 
have 0% shading (category 1).  Under optimum conditions (7/12 tilt, South Orientation), 
the 20-year IRR utilizing all incentives has an IRR of 3.42%.  This is the most efficient 
scenario for premium panels having the most optimum orientation and tilt.  When the 
shading percentage is changed, it affects the efficiency of this panel significantly.  						Table	4.1 Changes in IRR and NPV Due to Increased Amounts of Shading 
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This figure represents a premium 5KW PV systems facing south, with a 7/12 roof pitch, 
at different amounts of shading.  Just 10% of shading decreases the efficiency almost in 
half.  When the panels are shaded 30%, the IRR is reduced to almost zero or is negative.  
This shows that any panel that has over 20% shading, does not perform well, and does 
not generate enough energy for a homeowner to have a decent return.  While premium 
panels do not have any IRR higher than interest rates for solar loans in this simulation, a 
panel with more than 20% shading would cause little to no return for a homeowner who 
did not use a loan to finance their PV system.  Theses results are represented in Figure 
4.5: 
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Figure 4.5 IRR and NPV Changes Due to Increased Amounts of Shading For Premium 
Panels 
Standard panels also had similar results under different shading conditions.  The 
following results represents PV systems at different amounts of shading.  The IRR and 
NPV were taken after 20 years, with all federal, state, and Duke incentives applied.  They 
also have the same tilt of 7/12, and are facing south. 10% shading still allows for a high 
enough IRR to achieve a profitable investment.  When 20% shading occurs, there is still a 
positive IRR, but it is lower than the interest rates for a solar loans meaning it would not 
be a sound investment at an interest rate of 4.5%.  Again, we see that around 30% 
shading the IRR reduces to close to zero and 40% shading has a negative IRR.  
 
 
 
 
 
 
 
Table 4.2 Changes in IRR and NPV at Increasing Amounts of Shading For Standard PV 
System 
 
The Table 4.2 lists the IRR and NPV at different levels of shading.  Around 30% shading, 
solar panels would no longer be a quality investment if the homeowner did not finance 
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their PV system through a solar loan.  This is consistent with outside research, which 
concludes that anything over 25-30% shading is severe shading condition for a PV 
system.   For this simulation, Duke Energy users would not have a profitable investment 
in a PV system at these shading percentages as well.  
 
Effect of Orientation and Tilt on Investment 
While shade has a significant impact on efficiency of solar panels, orientation also 
does have a significant impact as well.  It also has a significant impact on how much 
return a homeowner will receive from their PV system.  The simulation run through 
PVwatts used eight different cardinal directions to simulate different house at different 
orientations.  South facing solar panels are known to generate the most amount of energy, 
and the simulation has backed that research up.  For both premium and standard grade 
panels, south facing panels were the most efficient.  Using a few different scenarios, we 
tested the effect of orientation.  We used panels with 0% shade (shading category 1) and 
at a tilt of 7/12.  The panels were also assumed to be owned for their lifetime (20 years) 
and have all tax incentives and rebates applied to them. The orientation was then changed 
to see the effect.  Here are the results for these scenarios: 
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Table 4.3 Effects of Orientation on Premium PV System IRR and NPV 
Table 4.3 shows the results of how orientation affects the IRR and NPV of PV systems.  
Figure 4.6 and 4.7 represent graphically the affect orientation has on IRR and NPV the 
south facing premium grade panels the most efficient panels and therefore had the highest 
IRR and NPV.  Southeast and Southwest facing panels were also among the most 
efficient panels.  East and West facing panels also had positive IRR and NPV, but were 
significantly lower than south facing panels.  All north-facing panels (N, NE, NW) were 
not efficient and did not provide positive IRR or NPV.   
 
 
 
 
 
 
 
 
Figure 4.6 NPV of Premium PV system at 20 years With All Incentives at Different 
Orientations, 0 % Shade, 7/12 Tilt 
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Figure 4.7 IRR of Premium PV system at 20 years With All Incentives at Different 
Orientations 
 
The following graphs represent the distributions of PV systems facing different 
directions.   The distributions has PV systems of different shading and tilts but are 
organized through their orientations.  The results were taken after 20 years with all 
incentives applied to it.   Figures 4.8-4.13 represent all of the different scenarios of the 
simulation that are facing different directions.  Looking at these figures, it is clear that 
south, southeast, and southwest facing panels have the highest IRR.  They also have more 
total positive IRR and are more consistently positive.  North facing panels failed to 
achieve a positive IRR, further proving that North-facing panels are not a sound 
investment.  East and West facing PV systems did achieve some positive IRR, but it is 
lower than the 4.5% borrowing rate.  While the positive IRR is good, homeowners will 
need to borrow at rates lower than the IRR to have a profitable investment.   
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Figure 4.8 Overall IRR Distribution of South Facing PV Systems at 20 years with All 
Incentives Applied 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9 Overall IRR Distribution of South East Facing PV Systems at 20 years with 
All Incentives Applied 
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Figure 4.10 Overall IRR Distribution of East Facing PV Systems at 20 years with All 
Incentives Applied 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.11 Overall IRR Distribution of West Facing PV Systems at 20 years with All 
Incentives Applied 
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Figure 4.12 Overall IRR Distribution of South West Facing PV Systems at 20 years with 
All Incentives Applied 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.13 Overall IRR Distribution of South East Facing PV Systems at 20 years with 
All Incentives Applied 
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positive IRR and NPV.  East and West facing panels also had some positive IRR and 
NPV as well, but were not nearly as efficient as south facing panels.  They also had a 
majority of their scenarios that have a negative IRR and NPV.  This may be due to 
different levels of shading and tilt that causes them to be less efficient.  North facing 
panels did not have any scenarios with positive IRR and NPV.   Standard panels also had 
similar results for different orientations.  The Effect of orientation is represented by 
figures 4.14 and 4.15. South facing standard panels were the most efficient orientation, 
with Southeast and south west also being very efficient orientations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.14 NPV of Standard PV system at 20 years With All Incentives at Different 
Orientations, 0 % Shade, 7/12 Tilt 
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Figure 4.15 IRR of Standard PV system at 20 years With All Incentives at Different 
Orientations, 0 % Shade, and 7/12 Tilt 
 
Again North, North East, and North West were not profitable scenarios.  East and west 
orientations also had positive IRR, but they were not higher than the interest rates of solar 
loans.  If solar loans are lower than the 4.5% assumed in this study, they could be 
profitable orientations. These results for standard panels are also listed below in table 4.4.  
  
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.4 Effect of Orientation on IRR and NPV of Standard PV system at 0% Shading, 
7/12, and All Incentives 
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provide information on profitable tilt of PV systems.  Looking at the results, the tilt or 
angle of the panels had minimal affect on efficiency.  In both standard and premium 
panels, there was only about a .30% different in efficiency from the lowest performing 
angle to the highest performing angle.  Usually a tilt of 7/12 or 8/12 was the most 
efficient tilt or angles.  This is looking at scenarios of premium panels with no shade, 
south facing, owned over the lifetime of the panels (20 years), utilizing all of the 
incentives and rebates available.  Premium panels at 7/12 or 8/12 angles were the most 
efficient panels.  As the tilt increased, panels became steadily less efficient. This is 
represented through tables 4.5 and 4.6.  If the tilt decreased they also decreased steadily 
in efficiency.  Panels with the highest tilt were more efficient that a panel with the lowest 
tilt, but this efficiency is different by only .10%.  The same is true for the standard panels 
as well.  The highest performing angles were 7/12 or 8/12, and the lowest performing 
angle was the lowest angle possible 4/12.  The largest angle of 11/12 was slightly higher 
than the lowest angle, but by a small percentage like the premium panels.  Overall the 
angle or tilt did not have a severe effect on efficiency, as well as profitability.  All angles 
had similar IRR and NPV, so the angle of someone’s roof is not as important as shade or 
orientation.  This is true for both premium and standard grade panels.  Figures 4.20 and 
4.21 represent the IRR and NPV after year 20 for different roof angle (tilt).  These 
scenarios all had 0% shading (Shading category 1) and were facing south.  The NPV and 
IRR of these scenarios were taken after 20 years and have all incentives applied to it.  
Figures 4.16,4.17,4.18 and 4.19 represent the same information as the tables through 
graphs detailing how tilt has a minimal impact on efficiency.  
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Table 4.5 Effect of Tilt on IRR and NPV of Premium Panels After 20 Year Life Time 
With All Incentives, 0% Shading, South Orientation 
 
 
 
 
 
 
 
 
 
 
Table 4.6 Effect of Tilt on IRR and NPV of Standard Panels After 20 Year Life Time 
With All Incentives, 0% Shading, South Orientation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.16 Effect of Tilt on NPV of Premium Panels After 20 Year Life Time With All 
Incentives, 0% Shading, South Orientation 
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Figure 4.17 Effect of Tilt on IRR of Premium Panels After 20 Year Life Time With All 
Incentives, 0% Shading, South Orientation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.18 Effect of Tilt on IRR of Standard Panels After 20 Year Life Time With All 
Incentives, 0% Shading, South Orientation 
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Figure 4.19 Effect of Tilt on IRR and NPV of Standard Panels After 20 Year Life Time 
With All Incentives, 0% Shading, South Orientation 
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show that you need all incentives and rebates to have a profitable investment.  To be 
expected, having all state, federal, and Duke Energy incentives applied to a PV system 
has the most benefits for consumers.  The panels with all incentives have the highest 
NPV and IRR and are the most profitable investments for both premium and standard 
grade panels.  When Premium panels have all incentives applied to them they can achieve 
an IRR of 3.42%, with standard panels achieving a maximum of 7.28%.  These were the 
highest performing scenarios financially.  Looking at the distributions, PV systems had 
more return and a higher NPV when having all of the incentives and rebates applied to it.  
About 30% of standard PV scenarios achieved a positive IRR, and premium panels had 
13.98% of simulation achieve positive IRR.  Standard panels had around 11% of it’s 
scenarios achieve and IRR greater than the interest rate of 4.5%.  When just federal and 
state incentives are applied, premium panels do not have a positive IRR or NPV.  The 
scenario with the highest IRR is -2.48%.  Standard panels had a maximum IRR of -1.87% 
as well and mirrored the results from the premium panels.  There are also 195 premium 
PV scenarios and 185 Standard PV scenarios that have no benefit at all to a homeowner 
achieving a -100% IRR.  Excluding the scenarios with no benefits to homeowners, most 
of the scenarios achieve an IRR from -10% to -2.48%.  Figure 4.20 and 4.21 represent 
these affects of applying the federal and state incentive only to PV systems.  There were 
no positive IRR in this situation and all NPV values were below zero as well.  Meaning 
that PV systems are not quality investments if only the federal and state incentives are 
applied to it.  Figure 4.22 and figure 4.23 represent the affects of federal and state 
incentives on standard grade PV systems.  Again there were no scenarios with a positive 
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IRR or NPV proving that only having these two incentives applied to them will not 
provide a profitable investment in solar panels.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.20 Effect of Federal and State Income on All Premium PV Scenarios at 20 Years 
On NPV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.21 Effect of Federal and State Income on All Premium PV Scenarios at 20 Years 
On IRR 
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Figure 4.22 Effect of Federal and State Income on All Standard PV Scenarios at 20 Years 
On NPV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.23 Effect of Federal and State Income on All Standard PV Scenarios at 20 Years 
On IRR 
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money. With only the federal incentive applied to it, there were 199 scenarios that had no 
benefit to homeowners (-100% IRR), and a majority of IRR was between -14% and -
5.35%.  Standard panels had similar results, having a maximum IRR of -3.60% and 187 
cases where there was no benefit at all to the homeowner (-100% IRR).  With only 
federal incentives applied to premium and standard panels there are no scenarios that 
have a positive IRR or NPV.  These results are represented in figures 4.24 and 4.25 for 
premium grade panels.  When only state incentives are applied to PV systems, there is 
even less return.  For premium panels, the highest IRR with only state incentives is -
5.84%, and -4.15% for standard panels.  There are no positive IRR or NPV for both 
premium and standard panels with only federal incentives applied to them.  This is 
represented by figures A-5 and A-6 in the appendix.  For scenarios that only had the 
Duke Energy rebate applied, there were still negative rates of return these are also 
represented by figures A-1 and A-2 for premium grade panels.  The highest IRR for 
premium panels were -6.30% and -3.99% for standard panels.  For Premium panels with 
no incentives, there was a maximum rate of return of -8.92% and -7.23% for standard 
panels.  The affect of the Duke Rebate on standard grade panels is represented in Figures 
A-9 and A-10 only verifying that the less incentives and rebates applied to a PV System 
purchase provide lower rates of return and net present values.  The only positive IRR and 
NPV were with PV systems that had Federal Incentives, State Incentives, and the Duke 
Rebate applied to it.  Note that the following graphs do not include scenarios with zero 
benefit to homeowners (-100% IRR). 
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Figure 4.24 Effect of Federal Incentive on IRR For Premium Panels 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.25 Effect of Federal Incentive on NPV for Premium Panels 
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Figure 4.26 Effect of State Incentive on IRR For Premium Panels 
 
 
 
 
 
 
 
 
 
 
Figure 4.27 Effect of State Incentive on NPV for Premium Panels 
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the Duke Rebate is applied there is no profitable scenario within our simulation.  The 
Duke Rebate does provide financial support, but does not allow for a PV purchase to 
have a positive IRR or NPV.  When no federal, state, or Duke incentive is applied to a 
PV investment, there is still no positive IRR or NPV.  This is represented in figures 4.36 
and 4.37.  The highest IRR is around -7%, and the NPV is also negative.  Under optimum 
conditions, PV investment is not profitable unless all incentives are applied to the 
purchase.  This is represented with Standard grade PV systems as well.  Figures 4.38 and 
4.39 of the Appendix represent the affect of only the incentive when it is applied to PV 
investment.  While there was higher IRR and NPV in comparison to the Premium PV 
systems, there was no profitable scenario.  There was only negative IRR and NPV when 
there is only a federal incentive applied to the purchase.  Figures 4.40 and 4.41 represent 
the NPV and IRR when only the state incentive is applied to a standard PV system.  
Again, there were only negative IRR and NPV indicating that there was not profitable 
scenario when only the state incentive is applied.  Figures 4.42 and 4.43 of the appendix 
indicate the IRR and NPV when only the Duke Incentive is applied to a PV system.  The 
IRR and NPV for the PV systems with only a Duke Energy rebate were all negative as 
well.  Figures 4.44 and 4.45 indicate the return if when no incentives or rebate is applied 
to a standard grade PV system.  Again all scenarios had a negative IRR and NPV 
demonstrating that PV systems are only a profitable investment for premium and standard 
grade panels if all incentives and rebates are applied to them.   
 
How Selling Your House Affects Your PV Investment  
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Selling a PV system has significant affects for IRR and NPV.  Selling Into The Sun has 
calculated premiums that PV systems add to homes in the United States.  Selling Into The 
Sun is a journal that researches the value that PV systems add to homes.  This is because 
adding PV systems to your house not only minimizes electricity costs, but is also adds 
value because uses green energy.  People will pay premiums for houses even when the 
PV system does not minimize that much cost.  This is called the green cachet (Adomatis, 
2015).  This premium added to the house also depreciates faster than what the actual 
depreciation for PV systems.  The effect of selling your house is represented by figure 
4.28 and 4.29 for premium grade panels.  Also tables 4.7 and 4.8 display the same 
information for both premium and standard grade panels.  Figures 4.30 and 4.31 represent 
the results of selling your house for standard grade panels.  The premiums depreciate 
slowly for the first year, and then rapidly depreciate after 7 years according to Selling 
Into The Sun (Adomatis, 2015).   In the minds of buyers, the value added by PV system 
decreases rapidly as the panels get older.  In reality, the PV system depreciates yearly 
based on the age and the amount of energy it can produce over its lifetime.  Selling Into 
The Sun calculates that the highest premium for a PV system is when the solar panels are 
brand new.  They decline in value as the solar panels age and get older, and the premium 
for homes decrease as well.   To maximize the amount of return, homeowners should sell 
their house right after installing solar panels to their house.  According to Selling into the 
sun, the premium for homes with solar panels declines rapidly when the panels are 7 
years old.  The premium then seems to flatten out.  Using premium prices based on the 
	 89	
age, this simulation can calculate the IRR and NPV of the investment in solar panels after 
the sale.  
Figure 4.28 Average NPV At Specific Year When Standard PV System is sold 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.29 Average IRR At Specific Year When Standard PV System is sold 
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Table 4.7 The Average IRR and NPV When a Standard PV System is Sold in a Specific 
Year 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.8 The Average IRR and NPV When a Premium PV System is Sold in a Specific 
Year 
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Figure 4.30 Average IRR At Specific Year When Premium PV System is sold 
 
 
Figure 4.31 Average NPV At Specific Year When Premium PV System is sold 
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These results demonstrate that the rate of return is very high for homes that sell soon after 
they have solar panels installed.  This is due because Selling Into the Sun has very high 
premiums for newer PV systems than lower PV systems.  This is based on people’s 
perception of the value that solar panels give homes.  Table 4.9 represents the difference 
between the different valuations of premiums.  This premium is much higher than what 
the actual value of the energy the solar panel can produce over its lifetime.  This is called 
the Green cachet effect, where people are willing to pay a premium for green energy or 
solar panels even if it does not produce that much energy over its life. This is key to 
understand that homeowners may pay more money or a home with solar panels than the 
amount of energy over its lifetime.  The following is the premiums calculated using the 
prices from selling into the sun compared to the premiums calculated discounting future 
value a PV system can add through energy generation.   
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Table 4.9 Differences In Premium Valuations 
 
Premiums were calculated using the premium $/Watt multiplied by the total wattage 
(5000) for selling into the sun premiums.  The premiums based on the remaining energy a 
solar panel can produce was calculated using the present value of the remaining energy a 
solar panel can generate converted into money.  The examples included above were the 
highest performing scenarios.   The premiums based on selling into the sun are more than 
two times what the present value of the energy a 5KW PV system will produce.  Proving 
that the green cachet exists and people are willing to pay large amounts of money to have 
homes associated with green energy.   
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Case Studies 
The case study portion of this research evaluates five different homes around the 
upstate and other areas of South Carolina.  This evaluation is to look at five different 
homes and use the simulation created for this research to provide feedback on the 
investment in solar panels.  The case studies analyze the shade, orientation, tilt, types of 
incentives, and other characteristics that affect energy and return.  After this analysis and 
the conclusions are given to the homeowner, the homeowner can make an informed 
decision on whether to invest in a PV system or under what circumstances they should 
invest in a PV system.  The first case study was done for a home in the upstate of South 
Carolina.   
 
Burgett Case Study 
The Burgett House for this case study is located in Clemson, South Carolina.  It 
uses Duke Energy for electricity, meaning that they are eligible for the Duke Energy 
Rebate.  The owners of this house plan to install a 9.135KW roof mounted system for 
their household.  The PV system will use standard grade solar panels with a south facing 
orientation.  The pitch of the owner’s roof is 8/12 and the system is roof mounted and 
there is some shade as well.  There is assumed 10% shading for this PV system.  The 
owner did not take out a solar loan to finance the solar panels.  The conditions for this 
scenario are listed below: 
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Table 4.10 Burgett Case Study Characteristics 
 
This case study yielded some interesting results.  All incentives are available for this PV 
system, and had fairly optimum conditions for energy production as well.  Figure 4.32 
shows the results of the case study.  It shows the IRR at the year of sale for different 
periods of time.  Year 1 had an IRR of 77.4%, Year 5 had an IRR of 17.38%, Year 10 
had an IRR of 10.16%, Year 15 had an IRR of 9.80%, and Year 20 had an IRR of 9.61%.  
If the homeowner decides not sell his/her house and owns the panels over its lifetime they 
would achieve a 4.63% return.  The IRR for a PV system is greater if a homeowner sells 
their house right after installing a PV system.  The premium declines based on people’s 
expectations of how much value solar panels add to a house.  These results are 
represented graphically through figures:  
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Figure 4.32 Burgett IRR When Selling House 
 
Having minimal shade, and a south oriented PV system allows for the solar panels to be 
efficient which helps explain the profitability of this scenario.  Also having the federal 
incentive, state incentive, and a Duke Rebate of $9,135 is significant for profitability.  
Having these incentives, helps create more cash inflows, which increases the IRR for this 
scenario.  The size of this system is also a contributor to profitability.  Having a 9.135 
KW system under fairly optimum conditions allows for more energy production and 
more profitability.  While there is more cost associated with a larger system, this PV 
system is efficient and the inflows from energy production are ultimately greater than this 
increased cost.  This is interesting as the entire simulation was conducted using a 5kw 
system.  While this is standard, using a larger system could have increased profitability of 
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investment for this simulation.   A possible future study would be to understand what is 
the optimum size of a PV system to have a profitable investment in a solar energy.   
 
Piper Case Study 
The Piper house is located near Clemson, SC in the upstate of South Carolina.  
The owners of this house also use Duke Energy, making them eligible for the Duke 
Energy Rebate in addition to the state and federal tax incentive.  The owners plan to 
install a 5 KW system to the house oriented towards the west.  The system will include 
standard grade panels that are roof mounted.  The solar panels will be angled at the pitch 
of the roof, which is 10/12.  There is some shading that will occur as well, for this study 
there is approximately 30% shading for the system.  The owner has decided not to take 
out a solar loan for this project as well.   The owners are also planning on selling their 
house in 15 years.  The characteristics of this house are listed below: 
 
 
 
 
 
 
 
 
Table 4.11 Piper Case Study Characteristics 
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This scenario does generate profits at 15 years when house is sold.  The IRR is negative 
for every year except in year 15 when the PV system is sold.  In year 15, the IRR is 
5.70% after the sale of the house.  This is due to a number of factors affecting efficiency 
of this house.  First the solar panels have around 30% shading, which is significant for 
efficiency.  This reduces the amount of energy that the PV system produces and causes 
lower return as well.  Another factor is that the solar panels are oriented west, also 
decreasing efficiency.  West facing panels can be profitable, but they need to have 
optimum conditions to be profitable.  If the owner did not intend to sell their house, they 
would be a profitable investment.   They would have an IRR of -3.21%.  This is 
represented in Figure 4.33.  If the homeowner sells his/her house in year one they would 
achieve a 103.95% IRR.  If they sell in year 5, they would achieve a 16.76%.  Year 10 
had an IRR of 8.26%, year 15 had an IRR 5.70%, and year 20 had an IRR of 4.89%.  
Using standard grade panels also allows for higher IRR because of the cost per watt.  It is 
less efficient than premium panels, but still produces similar amounts of energy for a 
significantly lower cost.  Having the federal, state, and Duke incentive also increases the 
IRR for this case study.  Overall, a solar investment would be profitable only if the owner 
plans on selling their house in the future.  The earlier they, plan to sell their house, the 
higher return they will see on their investment.  The results are represented below in 
figure: 
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Figure 4.33 Piper Case Study IRR 
 
Greene case Study 
The Greene House is also located in the upstate of South Carolina, near Clemson, 
SC.  The homeowner plans on using a 5KW roof mounted PV system, using standard 
grade panels.  The PV system will be angled at the pitch of the roof 6/12 and would be 
oriented towards the southwest.  There is also a great deal of shade at the house and we 
will assume 70% shading for this case study.  The homeowner does not use Duke Energy, 
and will only have access to the federal and state tax incentive.  They also do not plan on 
using a solar loan to finance the solar panels.  The characteristics of the Greene Case 
Study are detailed below. 
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Table 4.12 Greene Case Study Characteristics 
 
The conditions are not optimum for the PV system to be efficient.  There is a great deal 
of shade that has significant impact on the efficiency of the PV system.   The solar panels 
are oriented towards the south west, allowing the PV system to absorb a great deal of 
sunlight.  But because of the amount of shading, there is not enough energy produced by 
the system for the investment to be profitable.  Not having Duke Energy is also very 
important for profitability of a PV system investment.  For a PV system to be profitable, 
homeowners need to have a federal, state, and Duke Energy incentive.  Not having the 
Duke Rebate will lower the IRR and NPV.  Without selling their house, the homeowner 
would have an IRR of -100%.   Selling a home with solar panels does significantly 
increase the profitability of PV system.  If the homeowner decides to sell their home, 
their IRR and NPV increase, but are lower because of the shading and not having the 
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Duke Energy Rebate.  If the home was sold in year 1 the homeowner would have an IRR 
of 103.05%.  This is represented in figure 4.34 which shows the IRR in this case study if 
the homeowner were to sell his/her house at different periods of time.  Selling in year 5 
has an IRR of 16.45%, year 10 has an IRR of 3.43%, year 15 has an IRR of 2.87%, and 
year 20 has an IRR of 1.89%.  Even with selling their home, they would not have a 
quality investment in a PV system.  These findings are shown graphically through figure 
and figure.  Figure shows the IRR if the homeowner decides to sell his/her home after 10 
years, while figure shows the IRR if the homeowner decides to not sell his/her house.   
 
 
 
 
 
 
 
 
 
Figure 4.34 Green Case Study IRR  
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Duke Energy rebate as well because of this, but would have access to the federal and 
state incentive.  The homeowner would plan on installing a large PV system to the roof.  
It would be an 11.44KW system with some panels oriented towards the west, and some 
towards the southwest.  There are strict homeowner association laws that will not allow 
south oriented panels since it would be visible from the road.  There would be some 
shade at the house, and it is assumed that there would be about 15% shade.  The owner 
would use standard grade solar panels and the angle of the panels is 8/12.  The 
homeowner is not interested in a solar loan as well, but was also interested in a lease 
option given to them by the solar panel provider.  They may sell their home in the future, 
possibly in 15 years.   
 
 
 
 
 
 
 
 
Table 4.13 Welsh Case Study Characteristics 
The figures below show the amount of return that would be achieved for the 
homeowners.  Figure 4.35 shows the IRR if the homeowner decides to sell their house at 
different time periods.  If they sold in year 1 then they would have an IRR of 70.49%.  If 
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they sell in year 5, they would have an IRR of 2.39%.  Year 10 has an IRR of 8.11%, 
year 15 has an IRR of 7.86%, and Year 20 has an IRR of 8.10%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.35 IRR of Welsh Case Study When Selling House 
 
 
Charleston Rd.  Case Study 
 
The Charleston Rd. house is another home located in Clemson, South Carolina.  The 
house has minimal shade, and the homeowner wants to purchase a 5KW standard grade 
panels.  The panels will be oriented towards the southeast, and the pitch of the roof is 
6/12.  The home has minimal shading of 10%, and the homeowner doe have Duke 
Energy.  The homeowner has access to the federal and state tax incentive as well as the 
Duke Energy Rebate.  The do not plan on using a solar loan, and do not plan on selling 
their house.  Table 4.14 illustrates this information. 
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Table 4.14 Charleston Rd. Case Study 
The homeowner would have a profitable investment if they purchased a PV system.   
Over the lifetime of the PV system, the homeowner would achieve an IRR of 4.47%.  
Because the PV system is oriented towards the southeast, and the solar panels are able to 
generate enough energy to be a profitable investment. The standard grade panels are 
efficient but also slightly cheaper than premium grade panels.  The PV system also faces 
southeast which allows the solar panels to be efficient.  The homeowner also has minimal 
shade as well allowing for more profitable investment.  The figure below shows the IRR 
if the homeowner decides to sell their house at different time periods.  In year 1 there is 
an IRR of 105.12% if the homeowner sells their house in this year.  If they sell in year 5 
they would have an IRR of 20.00%.  Year 10 has an IRR of 10.89%, Year 15 has an IRR 
of 8.78%, and Year 20 has an IRR of 8.14%.   
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Figure 4.36 Charleston Rd. Case Study 
  
0.00%	20.00%	
40.00%	60.00%	
80.00%	100.00%	
120.00%	
1	 5	 10	 15	 20	
IR
R	
%
	
Year	Sold	
Charleston	Rd.	Case	Study	IRR	
IRR	
	 106	
CHAPTER 5 
 
CONCLUSIONS 
 
 
Effects of Shade on Investment 
The results show that: shade can have significant adverse effects on IRR and NPV 
of an investment in solar panels.  After 30% of shade, efficiency of solar panels drops 
severely.  This means that the rate of return and Net present value after 30% is no longer 
positive or profitable.  Homeowners in South Carolina should not invest in solar energy if 
they have more than 30% shading on their roof.  This amount of shade is will cause solar 
panels to be a profitable investment.  In both premium and standard grade panels, 
efficiency and profitability dropped significantly around 30% shading of a PV system.  
This is due to the significant impact that shading has on PV efficiency.  Shading does not 
have a direct correlation to efficiency loss; meaning that 10% shaded area of a PV system 
does not equal 10% efficiency loss.  If a PV system is shaded 10% of its array area, the 
efficiency will have significantly more than 10% loss in efficiency.  When a PV system is 
shaded 30% or more this causes efficiency to decrease where there is no profitability for 
a PV investment.  If a home does have significant shading, using power optimizers or 
micro inverters maybe a solution so that solar panels are more efficient.  These will allow 
solar panels to produce more energy and therefore become a more profitable investment.   
 
Effect of Orientation on Investment 
Orientation, like shade can have adverse effects on efficiency, affecting the IRR 
and NPV of solar panel investment.  Solar panels facing north, northeast, or northwest are 
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not efficient to produce a profitable IRR or NPV.  These cardinal directions should be 
avoided if homeowners want to have a profitable investment in a PV system.  East and 
West facing panels have positive IRR and can even be profitable for homeowners.  But 
they produce significantly less than south facing panels.  While East and West facing 
panels are not optimum, they can be profitable. However, these should be avoided if there 
is other non-optimum conditions such, as shade is present.  Homeowners should be 
cautious to have panels facing these directions if they have significant shade.  Having and 
east or west facing PV system with shading will lead to negative IRR and NPV.  South 
facing panels are by far the most efficient panels, which is expected.  Southeast and 
southwest oriented panels also are very efficient but slightly less efficient than panels 
facing true south.  South, South East, and South West orientations should be orientations 
used for PV systems whenever possible to maximize the investment in solar panels and 
achieve positive returns.   
 
Effect of Tilt 
Tilt does not have a significant impact on efficiency.  The top performing angle 
compared to the lowest performing angle of solar panels were usually only .30% different 
when comparing IRR.  When installing a PV system, the angle of the roof should not be a 
major factor when considering an investment in solar energy.  Since the angle of the roof 
only makes a small difference in return and profitability, it should not be a large 
determinant to buy solar.  With this being said, a roof with a pitch of 7/12 or 8/12 in 
South Carolina is the most efficient roof pitch.  This should be the desired angle for solar 
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panels if it is possible to install panels at a certain angle.   Also, extreme angles should be 
avoided if there are significant amounts of shade or panels facing north.  Having non-
optimum orientations and shade combined with an extreme angle will not be a profitable 
investment for solar investments.  But apart from this, tilt does not have a major effect on 
efficiency and profitability.   
 
 
How Incentives Effect Profitability 
Incentives are a major aspect for solar investment and can be used to encourage 
homeowners to invest in solar energy.  Most homeowner wants some sort of financial 
help either through incentives or rebates with a solar purchase this has proven to increase 
investment in solar energy.  Looking at the results, the amount of incentives plays a large 
role in the profitability of solar panel investment.  Only when all incentives are applied is 
there profitable scenarios with solar panels.  When the federal and state tax incentives as 
well as the duke incentive is there profitability.   Results for solar panels with no 
incentives, Duke rebate only, state incentive only, federal incentive only, as well as 
federal and state combined proved to not be profitable.  They all had negative IRR and 
NPV, so homeowners in South Carolina should only invest when they can apply the 
Duke Rebate, Federal tax incentive, and State Tax incentive.  Homeowners should also 
be aware that the South Carolina State incentive as well as the federal incentive could 
only be applied if that homeowner pays enough in taxes.  Low-income families cannot 
enjoy the same tax benefits because they do not have a high enough tax liability.  So 
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homeowners should be aware if they have enough tax liability to receive the full 
incentive.   
 
Time of Sale 
If and when homeowners sell their house also affects probability of solar 
investment.  According to research, homeowners are willing to pay a premium for homes 
with solar panels.  This premium is much higher when there are first installed on the 
house and declines as the PV system ages.  Selling your home increases your profitability 
on your investment because you recognize the housing premium it creates.  With that 
being said, it is more profitable if you sell your house within five years of installing a PV 
system.  After about five years, the premium declines rapidly and starts to even out 
around years 7-10.  Usually the IRR and NPV are significantly lower after this time 
period. 
 
Green Cachet 
As mentioned earlier, homebuyers will pay a premium for homes with solar 
panels installed.  This premium is much larger than the amount of energy that a PV 
system can produce over its lifetime.  Looking at the results, the premium homebuyers 
are wiling to pay usually more than two times the amount savings from the energy it will 
produce over its lifetime.  This is a significant amount more than the amount of energy a 
PV system will produce over its lifetime.  Meaning that homebuyers are willing to pay 
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for homes that are associated with solar energy or energy efficiency.   Proving that a 
green cachet exists and people pay more for homes with green energy.   
 
Price of Solar Panel 
The price of the solar panels has a significant impact on profitability of 
investment.  In this study, the premium panels had very few IRR percentages that were 
positive.  They had zero scenarios that had a positive NPV for premium panels.  Standard 
grade solar panels had higher IRR and NPV.  This is due to the cost of solar panels.  
Premium panels are more expensive which causes the initial investment to increase.  This 
increase in initial investment causes the profitability of these types of PV systems 
decrease.  Standard panels are similar to premium grade panels in energy generation, but 
are significantly cheaper.  Meaning that standard grad PV systems can be a more 
profitable investment.  The cost of the solar panel is a significant factor into profitability 
of solar investment.  
 
Best Practices for Investing in a PV System 
The following are conditions to consider to have a profitable investment in PV systems 
based on this study. 
• Shading:  Homes with 30% or more not be profitable.  When investing in solar, 
try to place your PV system with minimal shading. 
• Orientation:  PV system oriented towards south, southeast, and southwest will 
yield the highest return.  PV systems oriented towards north, northeast, and 
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northwest will yield very low or negative return.  East and west oriented PV 
systems can have profitable return, but the PV system will need to have optimal 
conditions. 
• Tilt: the pitch of the roof will not have a significant impact on financial return 
• Incentives:  To have a profitable investment, your PV investment will need the 
federal, state, and Duke Energy incentives applied to it. 
• Time of sale:  To maximize IRR on investment, selling your home immediately 
after investing in a PV system or within 5 year of a PV investment will maximize 
profitability.  Premiums fall significantly as the PV systems age. 
• Price of solar panels:  Based on this study, standard grade panels are best for 
maximizing return.  The price for premium grade panels significantly lowers the 
profitability of investment. 
• Size of PV system:  While increasing the size (wattage) of a PV system will add 
more value to your home and generate more energy, it adds value at a decreasing 
rate.  Do not oversize your PV system as the cost of installation and maintenance 
might outweigh the benefits of a larger system.    
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Appendix	A	Effect	of	Incentives	on	PV	Investment	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-1 Effect of Duke Rebate on IRR of Premium PV systems at 20 years 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-2 Effect of Duke Rebate on NPV of Premium PV systems at 20 years 
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Figure A-3 NPV of PV system at 20 years with no Incentives 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-4 IRR of PV system at 20 years with no Incentives 
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Figure A-5 Effect of Federal Incentive on NPV for Standard PV Systems After 20 Years 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-6 Effect of Federal Incentive on IRR for Standard PV Systems at 20 years 
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Figure A-7 Effect of State Incentive on IRR of Standard PV System After 20 Years 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-8 Effect of State Incentive on NPV of Standard PV System After 20 Years 
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Figure A-9 Effect of Duke Rebate on IRR of Standard PV System After 20 Years 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-10 Effect of Duke Rebate on NPV of Standard PV System After 20 Years 
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Figure A-11 NPV of Standard PV Systems After 20 Years With No Incentives 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-12 IRR of Standard PV System After 20 Years With No Incentives 
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